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Abstract 
PALYNOLOGICAL CORRELATION OF 
THE KENTUCKY No. 12 COAL 
by Gerald E. Vyhmeister 
In attempting to analyze the depositional environ-
ment for the Kentucky No. 12 Coal three columns were sam-
pled from a 1 km area. The columns yielded 76 mioSpore 
species belonging to 33 genera, and representing in de-
creasing order of abundance, arborescent lycopods, tree 
ferns, calamites, small ferns, gymnospermous trees, seed 
ferns, herbaceous lycopods, and others from unknown origin. 
The pattern of spore distribution in the columns 
did not appear to be affected by the presence of several 
partings, a feature which calls into question several mech-
anisms proposed for the origin of partings and also cre-
ates difficulties for an autochthonous origin for this 
coal. The allochthonous model proposed by Austin appears 
to have merit in what it does propose but leaves several 
important questions unanswered. 
Efforts to find a correlation between lithotype and 
spore assemblages within this coal were unsuccessful. 
As expected, the correlation between columns was 
affected by distance but even at 1 km distance the columns 
could be correlated using overall spore distribution. 
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INTRODUCTION 
At present, palynological correlation studies of 
Pennsylvanian coal are relatively scarce. Kosanke (1950), 
Peppers (1970) and Wilson and Hoffmeister (1956), have 
made efforts to correlate Illinois, Oklahoma, Indiana, 
°and Western Kentucky coals using palynology. Few other 
studies have appeared in the form of theses or papers 
describing particular coal beds with their vertical and 
horizontal distribution of miospores. 
One of these (Austin 1979), correlating petrographic 
composition with spore distribution came with the sugges-
tion for further studies on lateral variation of miospores, 
and the hypothesis that the Kentucky Na. 12 Coal could have 
been formed from mats of vegetation floating in water (See 
page 89). If such were the case, a mixture of miospores 
might be expected throughout the seam with little indica-
tion of successional features. On the contrary, the exist-
ence of a specific assemblage of spores that repeat in each 
bench (a layer between partings), or the sudden appearance 
or disappearance of species after deposition of a parting (a 
thin layer of shale that separate two parts of a coal seam), 
would favor the idea that the plants originating the spores 
grew in the same coal swamp (See page 85). 
• This investigation has the following objectives: 
(1) identify formerly described palynological taxa; (2) 
describe any new taxa that might be encountered; (3) de-
termine the possibility of palynological succession by 
vertical and horizontal analysis of coal seam miospores; 
(4) provide information for more accurate and extensive 
stratigraphic correlation. 
STRATIGRAPHY 
The Kentucky No. 12 Coal is one of the eighteen coal 
beds found in Western Kentucky, which are numbered in strat-
igraphic order beginning at the base of the section. They 
are within the southern tip of the Illinois Basin, and occur 
•through 1500 feet of Pennsylvanian strata. 
This particular coal occurs at the base of the Sturgis 
Formation, in the Desmoinesian Series of the Pennsylvanian 
System (Fig. 1). It is ranked third in terms of coal re-
serves in Western Kentucky, and corresponds to the Jamestown 
Coal found in Southern Illinois, and the Hymera Coal (VI) of 
Indiana (Peppers, 1970). The thickness is variable, usually 
over 1.5 m in Hopkins • and Muhlenberg counties and in parts 
of Ohio County. It is generally less than 10 cm thick in 
Webster, McLean, Union, and Henderson counties. The thickest 
section is in Muhlenberg County where it reaches 2.3 meters. 
In part of Ohio County the coal has been replaced by carbon-
aceous shale. 
The coal seam is everywhere underlain by marine lime-
stone, and overlain by thin black shale, dark gray mudstone, 
or shaly coquina. Within the coal there are several thin 
partings containing clay, shale, and some minerals like 
quartz, kaolinite, pyrite, and illite. 
Figure 1. Stratigraphic relationships of columns, samples and 
partings in the Kentucky No, 12 Coal, and their 
relative position in the Pennsylvanian System. 
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In areas where the Kentucky No. 12 Coal is thicker, 
up to eight carbonaceous shale partings can be seen. These 
begin with the lowest parting, from one to eight. The coal 
on the west side of the research area exhibits six partings. 
Partings three and five are missing, although they are pres-
ent farther to the west. In addition, one km east, due to 
abrupt thinning of the No. 12 Coal, partings seven and eight 
are missing, and we find only four partings (1,2,4, and 6). 
The partings do not appear• to be interrupted by roots 
or any other structure, can be traced over a large area 
(more than 55 km in one direction), and have a more or less 
uniform thickness. 
MATERIALS AND METHODS 
Description of Columns  
For this study, three columns of coal have been se-
lected; all are located at Sinclair Mine, Muhlenberg Coun-
ty, Kentucky (Fig. 2). 
Column one is located in the Drakesboro Quadrangle 
NE ; Carter coordinates 10-1-30, 950' FNL x 800' FWL. It 
has a thickness of 169.9 cm, divided into seven benches (A 
to G) by six carbonaceous shale partings. Thirty five sam-
ples have been selected according to the petrographic com-
position determined by Austin (1979). 
Column two is one kilometer east of column one, in 
the same Quadrangle: Drakesboro, NE k; Carter coordinates 
10-1-30, 1000' FNL x 3900' FWL. It is 78.7 cm thick, and it 
is divided into five benches by four partings. Twenty one 
samples have been separated on the same basis as those in 
column one. 
Column three is seventy six meters east from column 
two, and a total of twenty three samples were collected 
from 87.7 cm of coal. Like column two, column three has four 
partings (1,2,4, and 6), and five benches (A to E). •  (See 
Fig. 1). 
Because the number of samples between partings dif- 
7 
Figure 2. Map showing location of sample localities in the 
Kentucky No. 12 Coal. 
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fered in the three columns, results from adjacent samples 
were in some cases combined to facilitate comparisons (see 
Appendix 2). The resultant samples, allowing direct compar-
isons to be made between the three columns, are referred to 
herein as "statistical samples" to differentiate them from 
the actual counted samples. 
Sample maceration and slide preparation  
Laboratory techniques used in this research are 
basically• those outlined by Wilson (1976), which are 
summarized in figure 3. 
The samples for this study were obtained from Dr. 
Steven Austin. They were crushed to particles not larger 
than four ram., and thoroughly mixed. The sample weight 
varied from three to twelve grams. 
The oxidation process was done at room temperature 
in polyethylene beakers using Schulze's solution (conc. 
HNO3 saturated with KC10 3 ) for a period of 61/2 to 9 hours. 
At the end of this period, the samples were transferred to 
100 cc polyethylene tubes for centrifugation and washed 
with distilled water three or four times. 
A 10 percent KOH solution was added to the residue, 
and allowed to stand for thirty minutes. This process re-
leases the humic matter from the insoluble residue as a 
heavy brown liquid. Clearing the liquid required eight to 
more than forty washings with distilled water. The coarse 
Figure 3. Summary of the steps followed 
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unoxidized particles were separated by a five to ten second 
gravity settling technique followed by heavy liquid sepa-
ration in a special bottle with a long plastic neck 
(Chadwick 1980). Zinc bromide (sp. gr. = 2) was used in 
this procedure to isolate the miospores and organic debris 
from mineral matter in the neck. 
• The supernatant was transferred to a 15 cc centrifuge 
tube using a 0.1 N HCI solution, and washed three or four 
times, followed by washing with distilled water. Further 
concentration of the miospores was achieved by swirling 
the residue (supernatant) in a watch glass 20 cm in diam-
eter, a process which concentrated the carbon particles in 
•the center of the watch glass. The miospores were trans-
ferred to a centrifuge tube with a dropper. This process 
was repeated two or three times. 
The miospore concentrate was stained with three to 
five drops of one percent safranine, standing for 10 to 25 
minutes in a basic environment provided by three or four 
drops of 10 percent NH4OH. The sample was washed three times 
with distilled water, suspended in a solution of hydroxy-
ethyl cellulose (H.E.C.), and mounted in Permount resin. 
The unused residue was stored in two vials: one 
unstained, with three drops of acetic acid as preservative, 
and another stained, preserved in H.E.C. 
Ten slides were prepared for each sample, now in the 
14 
collection of the Geology Department of Loma Linda Univer-
sity. They are numbered as follows: 
Column one 	: Ky. No. 12 Coal 3010 to 3044 
Column two 	: Ky. No. 12 Coal 3101 to 3121 
Column three : Ky. No. 12 Coal 3201 to 3223 
The letters A through J were used to identify the ten 
slides of each sample. 
Study procedure  
The spores were identified and counted with the use 
of a Zeiss Ultraphot II microscope. Selected specimens were 
photographed with a Zeiss Photomicroscope III under Nomarski 
interference contrast illumination, using Kodak Panatomic-X 
film. 
A total of 200 or more specimens were counted from 
each sample level (except in samples 5, 9, and 14 of column 
three in which all the spores were counted because the num-
ber of spores was less than two hundred). 
In the three columns the spores were well preserved, 
exhibiting very little oxidation, so that the identifica-
tion of spores was relatively easy. 
Although a statistical analysis revealed a highly 
uniform distribution of spores among the ten slides of each 
sample, I attempted to include as many slides as possible 
in each count in order to prevent any non representative 
counts. 
RESULTS 
Particles in the slides  
As a preliminary indication of bulk similarities be-
tween columns, and also as an indication of possible differ-
ences between partings and benches, the slides were studied 
in terms of the relative abundance of particles present - 
spores, tissue, and carbon. 
This analysis revealed a decrease in the relative 
amount of spores from column one to column three, and a 
• small increase of carbon particles from column one to three 
(Table 1, and Fig. 4). Also a diminution of spores was ob-
served in the partings, paralleled with an increase of car-
bon particles, and an increase of spores towards the top of 
the coal seam. About ten percent of all particles are 
spores. The other ninety percent are shared in approximate 
equal amount by tissue and carbon particles. 
Horizontal distribution of genera and species  
It was mentioned before that columns one and two are 
one thousand meters apart, while column three is only seven-
ty six meters from column two. Figure 5 is an attempt to 
analyze differences between the columns in terms of spore 
distributions. Notice that column one has provided 52 dif- 
15 
TABLE 
Percentages of spores, tissue, and carbon particles in the slides  
Samples 	Spores 
	Tissue 	Carbon 
Columns Columns Columns 
1 	2 	3 	1 	2 	3 	1 	2 	3 
	
19 	42.2 8.0 35.5 52.4 22.3 39.6 
18 39.5 	4.7 	29.8 	31.3 	30.7 	64.0 
17 	24.7 	6.9 	2.5 46.8 	57.5 	60.7 28.5 	35.6 	36.8 
16 4.1 	9.4 	1.7 	20.6 	30.0 	11.6 	75.3 	60.6 	86.7 
15 	13.3 	10.8 	9.4 45.5 	72.1 	63.4 41.2 	17.1 	27.2 
14 16.5 	5.8 	6.0 	44.1 	13.9 	35.7 	39.4 	80.3 	58.3 
13 	7.5 	11.1 	2.5 44.5 	41.0 	6.4 48.0 	47.9 	91.0 
12 26.8 	11.0 .2 	43.4 	59.6 	60.5 	29.8 	29.4 	39.3 
11 	21.9 	11.5 	3.4 25.9 	60.0 	21.4 52.2 	28.5 	75.2 
10 4.0 	3.3 	1.0 	39.4 	12.1 	11.6 	56.6 	84.6 	87.4 
9 	22.0 	10.3 	13.2 55.2 	65.5 	42.3 22.8 	24.2 	44.5 
8 21.8 	13.4 	1.0 	54.5 	60.2 	86.0 	23.7 	26.4 	13.0 
7 	37.0 	12.8 .1 32.6 	39.6 	79.3 30.4 	47.6 	20.6 
6 1.9 	4.7 	1.3 	16.7 	31.0 	75.0 	81.4 	64.3 	23.7 
5 	2.5 	8.0 	2.0 33.0 	36.0 	27.0 64.5 	56.0 	71.0 
4 5.5 	2.8 .6 	38.3 	43.2 	57.3 	56.2 	54.0 	42.1 
3 	6.2 	9.4 	.3 32.7 	45.6 	68.0 61.1 	45.0 	31.7 
2 10.3 	15.0 .5 	64.5 	39.0 	67.9 	25.2 	46.0 	31.6 
1 	7.8 	11.0 	8.2 18.5 	52.5 	38.7 73.7 	36.5 	53.1 
Totals 315.5 157.2 66.6 	721.5 758.8 839.2 	863.1 784.0 936.8 
Mean % 	16.6 	9.3 	3.5 38.0 	44.6 	44.2 	45.4 	46.1 	49.3 
Figure 4. Histograms and frequency polygon showing relative 
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Figure 5. Diagram illustrating the number 
of species by columns, common to 












ferent species, column two 41, and column three 44. Thirty 
five species are common to the three columns; thirty nine 
species are common to columns one and two, forty one spe-
cies are common to columns one and three, and thirty seven 
species are common to both columns two and three. Seven 
species are exclusive to column one, none to column two, 
and one to column three. 
An additional 22 species were observed in column one, 
samples 20 through 31, or in lower samples not observed 
during counting. 
A small proportion of the total number of species 
account for most of the spores in each column. The six 
most abundant species combined account for 62.8, 74.3 
and 78.2 percent of the total spore population in columns 
one, two and three respectively. 
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TABLE 	2 
Percentage distributions of genera in decreasing  
order of abundance, by columns  
Genera 	 Columns  
One To Three Average 
Lycopora 	 19.7 41.3 43.3 	34.9 
Laevigatosporites 	 20.5 26.3 25.3 24.1 
Cappasporites 9.6 10.6 11.3 	10.5 
Thymospora 	 18.9 	4.2 	5.0 9.3 
Triquitrites 5.3 	2.6 	3.2 	3.7 
Calamospora 6.8 	2.5 	1.3 3.5 
Leschikisporis 	 2.8 1.6 2.3 	2.2 
Granulatisporites .9 2.8 1.9 1.9 
Crassispora 3.1 	1.2 	.7 	1.7 
Apiculatisporis 	 .8 1.6 2.4 1.6 
Punctatisporites 2.6 	1.0 	.8 	1.5 
Wilsonites 2.7 	.5 	- 1.0 
Vesicaspora .9 	1.5 	.3 	.9 
Florinites 1.3 	.7 	.4 .8 
Vestispora 	.8 	.6 	.5 	.7 
Endosporites 1.0 	.5 	.4 .6 
Raistrickia 1.0 	.3 	.1 	.5 
Lophotriletes .2 	.2 	.1 .2 
Microreticulatisporites 	.5 .2 
Acanthotriletes 	 - .04 .2 	.1 
Verrucosisporites .3 	- 	.02 .1 
Cirratriradites .2 	- - .07 
Genus C 	 - 	- 	.05 	.02 
Cyclogranisporites 	 .02 - .02 .01 
Schop4pollenites .03 - - .01 
Total 	100.0 100.0 100.0 	100.0 
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TABLE 
Percentage distributions of species in decreasing 
order of abundance, by columns  
Species 	 Columns  
One TWo Three Average 
Lycospora granulata 	19.7 41.1 43.3 	34.7 
Cappasporites distortus 	9.6 10.6 11.3 10.5 
Thymospora pseudothiessenii 	18.9 	4.2 	5.0 	9.4 
Laevigatosporites ovalis 9.2 	5.3 	4.3 6.3 
Laevigatosporites minutus 	3.9 	5.3 	7.7 	5.6 
Laevigatosporites pygmaeus 1.5 	7.8 	6.6 5.3 
Laevigatosporites minimus 	1.6 	4.3 	3.6 	3.2 
Calamospora breviradiata 5.5. 1.9 	1.3 2.9 
Triquitrites bransonii 	3.3 	1..6 	2.8 	2.6 
Leschikisporis obliquus 2.8 	1.6 	2.3 2.2 
Lael4gatosporites desmoinensis 	3.2 	1.3 	1.4 	2.0 
Crassispora kosankei 	 3.1 	1.2 	.7 1.7 
Noiculatisporislappites 	.8 1.6 2.4 	1.6 
Granulatisporites verrucosus 	.6 	2.3 	1.4 1.4 
Laevigatosporites medius 	.7 	1.9 	1.2 	1.3 
Wilsonitessvesicatus 	 2.3 	.5 	- .9 
Vesicaspora wilsonii .9 	1.5 	.3 	.9 
Florinites pellucidus 	 1.3 	.7 	.4 .8 
Punctatisporites planus .7 	.8 	.6 	.7 
Endosporites angulatus 	1.0 	.5 	.4 .6 
Vestispora fenestrata .7 	.6 	.4 	.6 
Calamospora hartungiana 	1.0 	.5 	.04 .5 
Triquitrites exiguus .3 	.8 	.2 	.4 
Triquitrites crassus 	 1.1 	.07 	.04 .4 
Laevigatosporites punctatus 	.4 	.4 	.3 	.4 
Granulatisporites granularis .2 	.3 	.5 .3 
Punctatisporites obliquus 	.8 	.1 	.02 	.3 
Raistrickia crinita 	 .6 	.2 	.04 .3 
Lycospora sp. 1 	 .02 	.2 	.4 	.2 
Punctatisporites latigranifer 	.6 	.02 	- .2 
Trivitrites additus 	 .4 	.08 	.1 	.2 
Lophotriletes commisuralis 	.2 	.2 	.1 .2 
Microreticulatisporites sulcatus .5 	- - 	 .2 
Punctatisporites provectus 	.3 	.05 	.1 .2 
TABLE 3 (Cont) 
Species 	 Columns  
One Dao Three Average 
Wilsonites sp. 1 	 .03 	.2 	.02 
Raistrickia crocea .3 	.03 	- 
Verrucosisporites papulosus 	.3 	- .02 
Triquitrites dividuus 	.2 	.02 	.07 
Calamospora straminea .2 	.07 	- 
Granulatisporites spinosus 	.03 	.2 	.02 
Acanthotriletes cf. echinatoides 	.04 	.2 
Punctatisporites sp. I 72 	- - 
1 	Vestispora profunda 	 .1 .06 
Punctatisporites setulosus 	.02 	.05 	.07 
Raistrickia grovensis .1 	- .02 
Granulatisporites deltiformis 	.03 	.05 	.02 
Cirratriradites annulatus 	.1 	- - 
Calamospora sp. 1 	 .08 	- 	- 
Granulatisporites parvus 	.06 	- .02 
• Raistrickia sp. 1 - .02 	.06 
Cirratriradites maculatus 	.06 
Calamospora mutabilis .05 	- 	- 
Genus C 	 .05 
• Cyclogranisporites parvus 	.02 	- 	.02 























Total % 	100.0 100.0 100.0 	'100.0 
Figure . Histogram illustrating relative 
percentage distribution of the 
seventeen most abundant genera 
in the three columns of the 
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Vertical distribution of genera and species  
Earlier it was mentioned that the partings divide the 
coal seam into benches, and that by megascopic and micro-
scopic studies the benches were divided into samples. The 
spore distribution in benches and samples is indicated in 
tables 4, 5, and 6, as well as in figure 7. 
In Table 4 only the five most abundant genera in each 
bench and column were considered. Also, although data for 
all samples in column one were included in these tables and 
in figure 7, only those below and including sample 23 were 
analyzed. A study of those tables reveals the following: 
1. In columns two and three Lycospora and Laevigato-
sporites show a similar trend for benches A, C, D, and E. 
Column one is consistent with the trends of columns two and 
three only in bench E. 
2. Column one exhibits more variation throughout. The 
dominance of Laevigatosporites in bench A is substituted by 
Thymospora in benches B and C, recovered again by Laevigato-
sporites in bench D, and yielded finally to Lycospora in 
bench E. 
3. Consistently, more genera are found towards the 
bottom of the coal seam. The four dominant genera in bench 
E represent 93 percent of the total spores present in that 
bench; the eight dominant genera in bench A represent 88.6 
percent of the flora. 
TABLE 
Comparison of genera distributions in different benches of the three 
columns of the Kentucky No. 12 Coal. Only the five most abundant gene-
ra in each bench of each column were considered. 
	
1 	)0000C )000C XX 	 x 	)ooc 
E 2 	xxxxx xxxx xxx x 	xx 	
x 
3 =MX XXXX XXX 	 X 
• 1 	xxxx xxxxx x XXX 
D 2 XXX)ZX XXXX 300C XX 
3 	=OM XXXX XXX 
1 xxx xxxx xx xxxxx 
C 2 	xxxx xxxxx xx 	xxx 
3 >DOM =MX MO{ XX 	x 
1 	xxx xxxx 	xxxxx xx 	x 
B 2 	xxxxx xxxx xxx xx 	x 
3 	=XX X300CX XX 	XXX X 
1 	XXX 	XX>EXX X)CXX 
A 2 XXXXX XXXX XX 	 x 
3 	moo( mom X XXX 






21 	11  
20 	12  
19 	13 
18 	14 	9 
17 15 9 13  
16 13 10 11  
15 13 13 
14 15 11 12 
F 	15 
7 
18 9 15 
13 10 12 12 4 
12 16 11 6 
11 17 12 12 
A 22 16 19 
3 16 13 11 
2 15 15 17 
1 19 16 14 








24 	14  
23 	15 
21 
9 11 12 11 
8 13 14 12 
7 13 13 11 
6 16 13 11 
5 20 12 13 
21 15 16 
16 15 13 
15 14 13 
18 13 13 
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TABLE 	5 
Genera distribution in benches and samples in 
the three columns of the Kentucky No. 12 Coal. 
Bench Column 	Parting Sample Column  
One Two Three One Two Three 
Number of genera  Number of genera  
30 23 25 
A 43 32 32 
3 25 21 19 
2 	26 	24 	28 















19 	18 	15 
18 19 15 
17 	21 • 14 	23 
16 21 15 16 
30 14 26 
13 	15 • 19 18  
12 25 	18 • 10 
11 25 22 18 
31 23 19 
10 25 19 16 
9 19 19 16 
21 21 19 
7 22 21 16 
6 	30 	26 	17 
5 •36 	20 	20 
41 31 28 
24 	26 	21 
15 • 24 20 15 
14 21 17 24 
30 
TABLE 	6 
Species distribution in benches and samples in 
the three columns of the Kentucky No. 12 Coal  
Number of species 	Number of species  
Bench Column Parting Sample Column  
One Two Three One Two Three 
Figure 7. Genera and species distribution 
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4. What is true for genera also holds for species. 
Samples from benches A and B near the base reveal 45 dif-
ferent species each; samples from bench C, 38, and from D, 
35, whereas the upper bench, E, has 36. 
5. The number of species decreases upward within each 
bench. In benches A and B, there is a minimum number of 
species about the middle, increasing a little toward the 
top. A different situation is observed in benches F and G 
with data present only from column one. Here, the number 
of genera or species decreases, remains the same, or in-
creases slightly to the top of the bench. 
The correlation coefficient  
To determine the degree of similarity between strati-
graphically equivalent samples in the three columns, the 
percentage of each species for a given sample in one col-
umn was correlated with the percentages in the correspond-
ing sample of the other column, as well as with all other 
samples in that column. The difference was obtained be-
tween the correlation for the corresponding samples (the 
observed correlation) and the average of the noncorrespond-
ing samples (the expected correlation). 
Thus, the correlation coefficient between sample 1 of 
column one and the corresponding sample of column two, was 
compared with the average of the correlation coefficients 
from all comparisons between sample 1, column one, and sam- 
34 
pies 2 to 17 of column two; the correlation coefficient for 
sample 2 of column one with sample 2 of column two was com- 
pared with the average of all the correlation coefficients 
between samples 2 of column one, with samples 1, and 3 to 
17 of column two; and so on. (See Appendix 5a, 5b, 5c). 
To test whether the mean difference between the ob-
served and the expected correlation is significantly greater 
than zero, a t-test was performed. The t value for columns 
1-2, 1-3, and 2-3 are 1.97, 1.58, and 2.34 respectively, 
which are significant at .03, .07, and .01 values in the 
same order. 
Spore distribution and lithotypes in the Kentucky No. 12 
Coal. 
The petrographic study of the Kentucky No. 12 Coal 
(Austin 1979) has indicated that the main lithotypes and 
their percentages by volumne in the coal seam are: fusain 2 
percent, vitrain 9 percent, carbonaceous shale 7 percent, 
clarain 78 percent, and bony coal 4 percent. 
In column one, the named lithotypes are found in the 
following samples: 








3, 7, 9,12,17,20,24, 
26,28,29,30,31 
35 
Clarain associated with fusain 	 1,11,27 
Clarain associated with vitrain and fusain 	22 
Clarain associated with vitrain and bony coal 6, 8, 19 
Vitrain is generally thought to represent mummified 
bark, stems, roots, woody tissue of arborescent lycopods 
(Stach, 1975). On this basis a good representation of 
spores can be expected from these plants in samples with 
high vitrain content. Those spores classified as Lycospora, 
Cappasporites, and Crassispora are generally attributed t 
Lepidophloios, Lepidodendron, and Sigillaria respectively 
(Phillips, 1979), and the parallelism between lithotype and 
relative spore abundance can be evaluated on this basis. 
Is there a correlation between a given lithotype and 
the associated dominant spore types? 
To answer this question, the lithotype clarain found 
in samples 2, 5, 15, and 21 can serve as an illustration. 
In these samples the most abundant spores in decreasing or-
der of dominance are: 
Sample 2: Lycospora, Laevigatosporites, Cappasporites, Thymospora. 
Sample 5: Laevigatosporites, Thymospora, Triquitrites, Apiculatisporis. 
Sample 15: Laevigatosporites, Lycospora, Calamospora, Triquitrites. 
Sample 21: Lycospora, Laevigatosporites, Calamospora, Vesicaspora. 
In these samples the lithotype clarain does not appear 
to be useful in attempting to predict the type of spores 
present. 
That this conclusion pertains generally to other litho-






















































































Relationship between lithotypes and percentages  
of genera, and number of genera and species in 
column one 
a) 
00 z z 
Carbonaceous 10 24.7 17.4 	7.7 	.8 	2.3 15.4 	15 25 
shale 
	13 .7 - - 66.0 5.7 5.3 10 15 
16 1.6 2.3 - 21.1 5.8 13.3 13 21 
23 29.9 - 	3.0 25.4 6.5 15 24 - 
Carbonaceous 4 18.9 23.3 3.0 4.4 3.0 6.2 16 24 
shale + Bony 
coal 
Clarain 	2 28.5 18.5 2.6 11.9 .7 4.3 15 26 
5 3.2 2.4 4.6 24.2 19.6 5.0 20 35 
15 14.6 .9 	.6 2.1 6.1 13 24 
21 52.0 1.1 .4 	.4 1.5 6.0 11 17 
Clarain + 	•6 	6.5 28.2 11.2 	4.0 11.7 	5.2 	17 30 
Bony coal 	14 44.4 	9.2 12.8 	.6 	1.3 	7.6 	16 21 
18 61.4 2.5 .8 1.3 .4 4.7 15 19 
25 5.6 .4 11.9 2.8 6.3 12 22 
Clarain + 	1 	.9 16.2 	1.3 	1.9 	3.2 	19 33 
Fusain 	11 13.4 19.1 1.0 25.8 .4 10.6 16 24 
Clarain + 	3 	9.3 15.3 	.8 	6.0 	2.0 	15 25 
vitrain 7 8.0 4.1 2.5 35.5 12.4 8.0 14 23 
8 30.5 2.6 - 21.6 9.2 9.5 13 21 
9 17.0 2.6 - 40.4 2.6 12.5 13 19 
12 11.4 4.3 .7 52.9 2.6 6.0 16 25 
17 53.1 6.6 9.4 .8 .4 2.7 16 21 
20 37.6 .4 - 7.1 3.0 .7 12 17 
24 12.6 1.2 .3 9.9 11.4 7.5 14 23 
































































































































































































































ing more specifically with vitrain, it may be expected that 
where vitrain is abundant, Lycospora would also be abundant. 
There is a general increase in vitrain upward in the seam, a 
feature mirrored by the increase in Lycospora. However, 
compared on a sample by sample basis, this association is 
apparently not coupled. 
Over 25 percent of Lycospora is seen in samples 2, 8, 
14, 20, 23, 28, and 30, and over 50 percent in samples 17, 
18, 19, 21, 26, and 27, but samples 2, 14, 18, 21, 23, and 
27 do not contain vitrain. Furthermore, when the percentages 
of spores from all the arborescent lycopods (Lycospora + 
Cappasporites + Crassispora) are combined, it is found that 
they account for more than 45 percent in samples 2, 4, 6, 10, 
26, 28, and 30, and more than 60 percent in samples 14, 17, 
18, 19, 27, and 29, but vitrain is evident in only seven 
(17,19,26,27,28,29,30) out of thirteen samples. 
These examples indicate that the increase of percen-
tage of Lycospora, or the combined spores of arborescent 
lycopods, do not necessarily represent an increase in 
vitrain, or even the presence of vitrain. 
Because the vitrain content does not correlate consis-
tently with an increase in spores from arborescent lycopods, 
and because the main miospores are irregularly distributed 
in the lithotypes, the i7esearch emphasis was placed on the 
rare spores - those that count for less than 0.1 percent 
in the total assemblage of spores. The findings are summa- 
39 
rized in Table 8. Notice in particular that Cirratriradites  
whose two species are observed in samples 1, 4, 5, 11, 12, 
17, and 30, is present in five different lithotypes. Like-
wise Granulatisporites represented here by three species 
is seen in samples 2, 5, 6, 11, 12, 14, 23, and 29 corre-
sponding to four different lithotypes. 
Looking at the other species in the table, the same 
situation pertains, that is, no one lithotype is character-
ized by a genus or species, and no special distributional 






























































































































































































































































































































































































































































































The fossil spores and pollen from the Kentucky No. 12 
Coal belong to 33 genera and 76 species. The spore assem-
blage is typically Pennsylvanian (Phillips, 1979) with a 
clear dominance of arbores cent lycopods, which form 47.6 
percent, followed in decreasing order of abundance by spores 
corresponding to tree ferns, 24.8 percent, horsetails 13.7 
percent, small ferns (Filicales) 6.2 percent, gymnospermous 
trees 1.8 percent, seed ferns 0.9 percent, small ferns 
(Coenopteridales) 0.1 percent, and herbaceous lycopods 0.5 
percent. The rest are from unknown origin (See Appendix 1). 
Horsetails 	 Tree ferns 
The taxonomic system followed in this study is •the one 
developed from Schopf, Wilson and Bentall (1944), Potoni:e and 
Kremp (1955), and Potonie.  (1956, 1958, 1960), and papers by 
several different authors. 
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SPORAE 	DISPERSAE 
Division TRILETES Reinsch, 1881 
Subdivision AZONOTRILETES Luber, 1935 
Series LAEVIGATI (Bennie and Kidston, 1886), R. Potonie, 1956 
Genus LEIOTRILETES (Naumova, 1937) emend. 
Potoni6 and Kremp, 1955 
Plate I, figs. 1, 2, 3, 4 
LEIOTRILETES CONVEXUS (Kosanke, 1950) 
Potoni6 and Kremp, 1955 
Plate 1, figs. 1, 2 
Leiotriletes convexus is rare in the Kentucky No. 12 
Coal, being observed in samples 1 and 5 of column one during 
scanning of slides following completion of population count. 
Figured specimens: 3015 F 137-15 
30101 137- 9 
LEIOTRILETES LEVIS •(Kosanke, 1950) 
Potonie and Kremp, 1955 
Plate 1, fig. 3 
The spore was not observed during the counting process. 
Only two specimens were seen in sample 5, column one during 
examination of the slides. 
43 
Figured specimen: 3015 J 121- 8 
LEIOTRILETES SP. 1 
Plate 1, fig. 4 
Two spores were seen in column one. One specimen was 
observed in sample 6 and the other in sample 31. 
Diagnosis: Spores radial, trilete, triangular in 
equatorial outline. Exine laevigate, thick and dark, with a 
ring-like sub-equatorial structure. Laesura straight, 2/3 
of the spore radius. It resembles Leiotriletes convexus  
but is larger, has a thicker exine, and a more prominent 
subequatorial ring. 
• Figured specimen: 3044 E 121-12 
Genus PUNCTATISPORITES (Ibrahim, 1933) 
emend., Schopf, Wilson and Benta11,1944 
Plate 1, figs. 5 to 11 
PUNCTATISPORITES LATIGRANIFER (Loose, 1932) 
Schopf, Wilson and Bentall, 1944 	• 
Plate 1, fig. 5 	 • 
Punctatisporites latigranifer is a minor element in 
the Kentucky No. 12 Coal, with only .21 percent average and 
a maximum of 2.6 percent in sample 1, column one. 
All spores, except one which was found at the bottom 
of column two, were observed in column one. 
44 
Figured specimen: 3010 D 123-16 
PUNCTATISPORITES OBLIQUUS Kosanke, 1950 
Plate 1, fig. 6 
The spores were found in only eight statistical sam-
ples and represent .31 percent of the total spore assemblage. 
Most were observed in the upper third of the three columns, 
with none seen in the lower third. The largest value, 10.6 
percent, corresponded to sample 15 in column one. 
The upper twelve samples of column one (samples 20 to 
31) that are not included in the comparative study contain 
most spores of this species, with sample 25 showing 12.6 
percent. 
Figured specimen: 3028 D 99-14 
PUNCTATISPORITES PLANUS Hacquebard, 1957 
Plate 1, figs. 7, 8 
This species is the predominant one from this genus, 
sparsely distributed but in greater number in the lower 
third of the three columns. It averages .71 percent, reach-
ing a maximum of 6.2 percent in column two, sample 1. 
None was seen above sample 19 of column one. 
Figured specimens: 3010 D 127-16 
3010 K 108-15 
45 
PUNCTATISPORITES PROVECTUS Kosanke, 1950 
Plate 1, fig. 9 
Punctatisporites provectus has a sporadic representa-
tion in the coal seam. The greatest percentage is 2.3 in 
sample 16, column one. No clear pattern of distribution was 
observed. Sample 26 of column one reaches a maximum of 3.2 
percent of this spore. 
Figured specimen: 3101 G 121-10 
• PUNCTATISPORITES SETULOSUS Kosanke, 1950 
Plate 1, fig. 10 
Only nine specimens of this species were seen, one 
•each in samples 3 and 28 of column one, three in sample 1, 
column two, and four in sample 14, •column three. 
Figured specimen: 3101 D 138-10 
• PUNCTATISPORITES SP. 1 
Plate 1, fig. 11 
• Only sixteen specimens clustered together represent 
this species. 
• Diagnosis: Miospore radial, trilete, oval in equato-
rial outline. Trilete, laesurae not observed. Exine with 
fine granulations. It is half size or smaller than all other 
Punctatisporites observed, resembling Laevigatosporites  
minimus in size and shape, but with some granulations. 
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Figured specimen: 3010 D 106- 8 
Genus CALAMOSPORA Schopf, Wilson and Bentall, 1944 
Plate 2, figs. 1 to 7 
Plate 3, figs. 1, 2, 3 
CALAMOSPORA BREVIRADIATA Kosanke, 1950 
Plate 2, figs. 1, 2, 3 
Among the species of this genus (which ranks eighth 
•in the total amount of spores), C. breviradiata ranks first 
with an average of 2.9 percent overall, and a maximum of 
11.9 percent in sample 10, column one. 
Seven samples, one each from columns one and two, and 
five from column three, did not show this spore. The greatest 
concentration occurred in the middle of the three columns, 
the number decreasing from column one to three. 
Figured specimens: 3111 B 110-16 
3108 B 105- 5 
3109 E 123-18 
CALAMOSPORA HARTUNGIANA Schop , 1944 
Plate 2, figs. 4, 5 
Calamospora hartungiana is a minor element in the 
Kentucky No. 12 Coal, with a total average of .5 percent, 
and a maximum of 5.1 percent in sample 16, column one. • 
• Most of the spores are in column one, few in the lower 
07 
half of column two, and only two specimens in samples 1 and 
9 of column three. No pattern of distribution was determined. 
Figured specimens: 3111 E 117-15 
3111 B 122-17 
CALAMOSPORA MUTABILIS (Loose), Schopf, Wilson 
and Bentall, 1944 
Plate 2, fig.. 6 
Only three specimens were observed in samples 6 and 
10 of column one. 
Figured specimen: 3010 I 110-12 
CALAMOSPORA STRAMINEA Wilson and Kosanke, 1944 
Plate 2, fig. 7 
This is a rare species in the Kentucky. No. 12 Coal, 
with an average of .1 percent of the total spore count, and 
a maximum of 1.3 percent in sample 6, column one. Its pres-
ence is sporadic in the middle section of columns one and 
two. No spores were counted in column three. 
Figured specimen: 3104 F 114-14 
CALAMOSPORA SP. 
Plate 3, figs. 1, 2 
Seven specimens were observed in samples 15, 16, and 
24 'of column one. Another was seen, after counting, in sam- 
pie 12 of the same column. 
Diagnosis: Spores radial, trilete, circular to oval 
in equatorial outline. Exine laevigate, thick, and dark. 
Laesura straight, one half the spore radius. The single 
fold observed, the small lips, and the thick exine are 
reminiscent of C. pedata Kosanke, 1950. 
Figured specimens: 3037 13 140- 9 
3025 E 117- 7 
• CALAMOSPORA SP. 2 
Plate 3, fig. 3 
Only one specimen was observed at the base of the 
coal seam in column one. 
Diagnosis: Spores radial, trilete, circular in 
equatorial outline. Exine infragranulose, thick. Laesura 
straight, two thirds of the spore radius. Size of illus-
trated specimen 55 microns maximum. The thick exine, and 
granulate surface make this spore similar to Punctati-
sporites curviradiatus suggesting conspecificity. 
Figured specimen: 3010 E 112-10 
Series APICULATI (Bennie and Kidston, 1886) 
Potoni6 and Kremp 1954 
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4q 
Genus LESCHIKISPORIS (Leschik, 1955) 
Potonid.1958 
LESCHIKISPORIS OBLIQUUS Kosanke, 1950 
Plate 3, figs. 4, 5 
Six out of 67 samples did not display this species 
that ranks tenth in the total assemblage of spores, with a 
maximum of 17.5 percent in sample 24, column one. 
Figured specimens: 3024 E 114-16 
3023 E 138- 5 
Genus VERRUCOSISPORITES (Ibrahim, 1933) 
emend. Potonj:6 and Kremp, 1955 
Plate 3, figs. 6, 7, 8, 9 
VERRUCOSISPORITES PAPULOSUS Hacquebard, 1957 
Plate 3, figs. 6, 7 
This is a rare species seen in samples 1 and 4 of 
column one, sample 1 of column two, and sample 5 of col-
umn three. It reaches a maximum of 3.5 percent in sample 
1, column one, and represents .10 percent in the total 
counted spores. 
Figured specimens: 3101 C 127- 8 
3010 D 130- 8 
VERRUCOSISPORITES SP. 1 
Plate 3, fig. 8 
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Only two specimens were observed during the preliminary 
scanning in the lowermost sample of column one. 
Diagnosis: Spores radial, trilete, circular in equato-
rial outline; trilete obscured by ornamentation. Spore body 
covered with irregular, somewhat rounded projections 1 to 3 
microns in diameter, and I to 1.5 microns in height. It 
resembles Verrucosisporites cerosus (Hoffmeister, Staplin, 
and Malloy) Butterworth and Williams 1958, with which it could 
be conspecific. 
Figured specimen: 3010 J 125-12 
VERRUCOSISPORITES SP. 2 
Plate 3, fig. 
This form is represented by two specimens seen in sam-
ples 11 and 12 of column one. 
Diagnosis: Spores radial, trilete, circular in equato-
rial outline. Spore body covered with irregular, somewhat 
rounded projections 1 micron in height and 1 to 3 microns 
in diameter. It resembles V. verrucosus with which it could be 
conspecific. 
Figured specimen: 3023 E 118- 5 
Genus CYCLOGRANISPORITES Potoni4 and Kremp, 1954 
Plate 3, fig. 10 
CYCLOGRANISPORITES PARVUS Bharadwaj, 1957 
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Plate 3, fig. 10 
Four spores were observed in samples 6 and 9 of column 
one, and samples 9 and 13 of column three. 
Figured specimen: 3020 A 106- 8 
Genus GRANULATISPORITES (Ibrahim, 1933) 
emend. Schopf, Wilson and Bentall, 1944 
Plate 4, figs. 1 to 6 
GRANULATISPORITES DELTIFORMIS (Wilson and Coe, 
1940) Schopf, Wilson and Bentall, 1944 
Plate 4, figs. 2, 4 
• The spores are sparsely distributed •in the three col-
umns. Only thirteen specimens were counted, but three more 
spores were seen after completion of counting. 
Figured specimens: 3010 I 108- 8 • 
3010 I 108- 8 
• GRANULATISPORITES GRANULARIS Kosanke, 1950 
• Plate 4, fig. 1 	• 
About one third of all samples contain this spore, 
with a maximum of 1.9 percent in column two, sample 2. Its 
vertical distribution is irregular, although an increase in 
the number of spores from columns one to three was observed. 
• Figured specimen: 3116 H 115-14 	• 
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• GRANULATISPORITES PARVUS (Ibrahim, 1932) 
Schopf, Wilson and Bentall, 1944 
Plate 4, fig. 3 
This is a rare spore represented in the total counting 
by only five specimens in columns one and three. Most are in 
the lower third of the coal seam. 
Figured specimen: 3116 H 138-17 
GRANULATISPORITES SPINOSUS Kosanke, 1950 
Plate 4, fig. 5 
Granulatisporites spinosus constitutes a minor element 
in the total assemblage of spores of the Kentucky No. 12 
Coal. Fifteen specimens were observed in eight samples of the 
three columns. No significant pattern of distribution was 
observed, but the greater number occurred between samples 
11 and 14. 
Figured specimen: 3011 G 104- 8 
GRANULATISPORITES VERRUCOSUS •(Wilson and Coe, 
1940) Schopf, Wilson and Bentall, 1944 
Plate 4, fig. 6 
This species is the most conspicuous element of the 
genus. It occupies the fourteenth place in the V total as-
semblage, with an average of 1.4 percent of spores and a 
maximum of 13.2 percent in sample 2, column two. 
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No special trend was observed in the distribution of 
spores, except for a slight decrease of spores towards the 
middle of the columns. 
Figured specimen: 3016 G 103- 9 
Genus LOPHOTRILETES (Naumova) Potonie and Kremp 
1954 
Plate 4, figs. 7, 8, 9, 10, 11 
LOPHOTRILETES COMMISSURALIS (Kosanke) 
Potoni4 and Kremp, 1955 
Plate 4, fig. 7 
The spore was observed in all three columns with 
greatest abundance occurring in the lower third of the seam. 
The highest percentage of spores was in sample 6, column one 
with 1.3 percent. 
Figured specimen: 3016 D 138- 8 
LOPHOTRILETES COPIOSUS Peppers, 1970 
Plate •4, fig. 8 
• After completion of the population count, one specimen' 
was observed in sample 10, column one. 
Figured specimen: 3021 E 118-14 
LOPHOTRILETES GIBOSSUS (Ibrahim) 
Potoni6 and Kremp, 1955 
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Plate 4, figs. 9, 10 
Two spores were seen in the lower third of column one 
during scanning after finishing the population count. 
Figured specimens: 3015 G 120- 9 
3016 G 111-10 
LOPHOTRILETES GRANOORNATUS ArtUz, 1957 
Plate 4, fig. 11 
A cluster of about eight spores was the only repre-
sentation of this species. It was found at the bottom of 
column one during preliminary scanning of the slides. 
Figured specimen: 3010 K 118-12 
Genus APICULATISPORIS Potonie and Kremp, 1956 
Plate 4, fig. 12 
APICULATISPORIS LAPPITES Peppers, 1970 
Plate 4, fi,4. 12 
This tiny spore was seen in greater number towards the 
middle of the coal seam. It averages 1.5 percent in the to-
tal count, ranking thirteenth overall. The greatest number 
of spores was observed in sample 4, column three, with 20.7 
percent. 
Figured specimen: 3211 A 114-10 
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Genus ACANTHOTRTLETES (Naumova) Potoni6 and 
Kremp, 1954 
Plate 4, fig. 13 
ACANTHOTRILETES cf. ECHINATOIDES ArtUz 1957 
Plate 4, fig. 13 
The sixteen specimens counted are not enough to reach 
a conclusion about a vertical trend in the distribution of 
spores. They were present in sample 13 of column two, and 
in four samples of column three. 
Figured specimen: 3103 A 99-12 
Genus RAISTRICKIA Schopf, Wilson and Bentall, 1944 
Plate 4, figs. 14, 15, 16, 17 
Plate 5, figs. 1, 2 
RAISTRICKIA CRINITA Kosanke, 1950 
Plate 4, figs. 15, 16 
Raistrickia crinita is the most conspicuous species 
of this genus in the Kentucky No. 12 Coal, representing only 
.30 percent of the total spore assemblage, and reaching a 
maximum of 2.5 percent in sample 11, column one. 
The spore number decreases from columns one to three 
and towards the top of the coal seam, being more abundant in 
the lower half. 
Figured specimens: 3110 E 104-14 
3023 E 127- 5 
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RAISTRICKIA CROCEA Kosanke, 1950 
Plate 4, fig. 14 
This species is a minor element in the three columns 
studied. It reaches .11 percent average with a maximum of 
3.9 percent at the bottom of column one. Spores sparsely 
distributed do not offer enough information to see a ver-
tical or horizontal distribution pattern. 
Figured specimen: 3010 I 101- 9 
RAISTRICKIA GROVENSIS Schopf, Wilson and Bentall, 
1944 
Plate 4, fig. 17 
Fourteen specimens were counted, thirteen of them in 
column one, nine of which are in the partings. No spores 
were seen in column two. 
Figured specimen: 3023 E 135-14 
RAISTRICKIA SP. 
Plate 5, fig. 2 
A rare species. Six specimens were observed in the 
upper part of column one, lower part of column two, and 
lower, middle, and upper part of column three. 
Diagnosis: Radial, trilete, circular in equatorial 
outline. Trilete rays about one half of spore radius. The 
exine is covered with setaceous projections that are up to 
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12 microns long and 1 to 2 microns wide, but in many cases 
a slight thickening is seen towards the tip of the projec-
tions. This species resembles R. crinita, but is about 25 
percent larger. 
Figured specimen: 3201 C 111-14 
Series MURORNATI Potonie and Kremp, 1954 
Genus MICRORETICULATISPORITES (Knox) 
Potonie and Kremp, 1954 
Plate 5, fig. 3 
MICRORETICULATISPORITES SULCATUS (Wilson and 
Kosanke, 1944) Potonie and Kremp, 1955 
Plate 5, fig. 3 
The species was observed only in column one, samples 
1, 5, 6, 13, 16, 23, and 25. It reaches a maximum of 6.9 
percent in sample 23, with an average of .16 percent. 
Figured specimen: 3036 C 116-18 
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Division ZONALES (Bennie and Kidston, 1886 from Ibrahim, 
1933, emend. Potoni4, 1956 
Subdivision AURITOTRILETES Potonie and Kremp, 1954 
Series AURICULATI (Schopf) emend. Potonie, 1960 
Genus TRIQUITRITES Wilson and Coe, 1940 
Plate 5, figs. 4 to 11 
Plate 6, figs. 1, 2, 3 
TRIQUITRITES ADDITUS Wilson and Hoffmeister,1956 
Plate 5, figs. 4, 5 
A minor element in the spore assemblage with most 
spores in the lower third of the columns. Its overall aver- 
age is .20 percent, with a maximum percentage in sample 6, 
column one of 1.57. 
Figured specimens: 3025 E 132-19 
3109 C 123-16 
TRIQUITRITES BRANSONII Wilson and Hoffmeister,1956 
Plate 5, figs. 6, 7 
Triquitrites bransonii is the predominant species of 
the genus, ranking ninth overall. The highest percentage is 
seen in sample 23 of column one with 21.6 percent. The 
abundance increases upward in the lower third and then 
decreases toward the top of the columns with an abrupt rise 
in sample 23, column one. 
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Figured specimens: 3109 A 117- 6 
3015 H 107-13 
TRIQUITRITES CRASSUS Kosanke, 1950 
Plate 5, figs. 8, 9, 10 
Most spores were counted in column one, with three 
peaks being observed at samples 5, 13, and 16. A fourth 
sharp increase occurs in sample 24 representing 9.0 per-
cent of that sample. The species represents .42 percent of 
all counted spores. 
Figured specimens: 3043 E 137-12 
3015 H 132- 8 
3023 E 131- 5 
TRIQUITRITES DIVIDUUS Wilson •and Hoffmeister,1956 
Plate 5, fig. 11 
•A total of 22 specimens in seven samples were observed 
in the three columns examined, most of them in column one. 
Figured specimen: 3116 H 121-12 
TRIQUITRITES EXIGUUS Wilson and Kosanke, 1944 
Plate 6, fig. 
This is the second most abundant species of Triqui-
trites in the Kentucky No.12 Coal, with a maximum of 2.8 
percent in sample 4, column two, and an average of .46 
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percent for the total assemblage of spores 
The distributional pattern follows that of T. bransonii 
that is, increasing in the first third, and then decreasing 
upward from the middle, although in this case only seven 
specimens were seen above sample 12. 
Figured specimen: 3014 G 122-12 
TRIQUITRITES INUSITATUS Kosanke, 1950 
Plate 6, fig. 2 
Although not seen in the statistical counting, one 
specimen was seen in sample 1, column one, and eight spec-
imen were observed in column three, samples 4 and 5. 
Figured specimen: 3010 K 104- 7 
TRIQUITRITES PROTENSUS Kosanke, 1950 
Plate 6, fig. 3 
One spore was seen in sample 11 of column one after 
completion of counting. 
Figured specimen: 3023 E 110-10 
Subdivision ZONOTRILETES Waltz, 1935 
Series CINGULATI Potonid.  and Klaus, 1954 
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Genus CRASSISPORA (Bharadwaj) Bharadwaj, 1957 
Plate 6, figs. 4, 5 
CRASSISPORA KOSANKEI Potonie and Kremp, 1955 
Plate 6, figs. 4, 5 
Crassispora kosankei represents 1.7 percent of the 
total spore assemblage, ranking twelfth in the total count-
ing, and reaching a maximum of 12.8 percent in sample 14, 
column one. 
An interesting feature observed in the three columns 
is that the spore number rises abruptly in one sample to 
diminish sharply in the next one. The greatest number of 
spores occurs in the lower and upper thirds of the coal seam, 
and in sample 10, a parting. 
Figured specimens: 3024 E 126- 9 
3121 B 128-12 
Genus CAPPASPORITES Urban, 1966 
Plate 6, figs. 6, 7, 8, 9 
CAPPASPORITES DISTORTUS Urban, 1966 
Plate 6, figs. 6, 7, 8, 9 
This species is the second most abundant of the Ken- 
tucky No. 12 Coal, with an average of 10.5 percent, and a 
maximum of 51.3 percent in column three, sample 10. 
It has been observed in all but four samples, with 
notable increases in number of spores at the top of the 
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lower third, and in the middle of the coal seam. 
Figured specimens: 3023 E 128- 4 
3010 K 108- 9 
3023 E 116- 8 
3023 E 120- 5 
Genus LYCOSPORA Schopf, Wilson and Bentall, 1944 
Plate 6, figs. 10, 11, 12 
• LYCOSPORA GRANULATA Kosanke, 1950 
Plate 6, figs. 10, 11, 12 
This is the most abundant spore in the Kentucky No. 
12 Coal. It occurs in all samples of the three columns, with 
an average of 41.1 percent in column two, and a maximum of 
70.4 percent in column one, sample 19. 
In columns two and three a decrease is observed in 
the number of spores in the middle of the coal seam, with 
a subsequent increase toward the top. Column one has a more 
irregular pattern of vertical distribution, with sharp 
changes in number of spores between adjacent samples. 
Figured specimens: 3102 E 120-17 
3025E 96-7 
• 3043 A 120-13 
LYCOSPORA SP. 
Plate 6, fig. 13 
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Although this form has been found in all three col-
umns, the number of spores increases from column one to 
three, and from the bottom to the upper portion of the coal 
seam. 
Diagnosis: Spores are radial, trilete, subtriangular. 
Size ranges from 21 to 26 microns. The trilete rays are dis-
tinct and extend to the margin of the spore coat. Ornamen-
tation is granulose. The smaller size, sparse granulations 
and a more triangular shape distinguish this species from 
L. granulata. 
Figured specimen: 3117 A 130-12 
Series ZONATI Potoni6 and Kremp, 1954 
Genus CIRRATRIRADITES Wilson and Coe, 1940 
Plate 7, figs. I to 7 
CIRRATRIRADITES ANNULATUS Kosanke, 1950 
Plate 7, fig. 1 
Cirratriradites annulatus is a rare species. Only 
eight specimens were counted in column one, samples 5, 11, 
12, and 30. 
Figured specimen: 3015 C 117-18 
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CIRRATRIRADITES MACULATUS Wilson and Coe,1940 
Plate 7, figs. 2, 3, 4 
A rare species with four specimens counted in column 
one, samples 1, 4, and 17. Later scanning revealed more 
specimens in sample 7 of column two. 
Figured specimens: 3109 E 125- 7 
3010 E 101-13 
3023 E 131-11 
CIRRATRIRADITES SATURNI (Ibrahim) Schopf, 
Wilson and Bentall, 1944 
Plate 7, fig. 5 
This spore was observed during the preliminary scan- 
ning in samples 1 and 7 of column one. 
Figured specimen: 3018 E 108-16 
CIRRATRIRADITES SP. 1 
Plate 7, fig. 6 
Only one specimen was seen, in sample 12 of column one. 
Diagnosis: Radial, trilete, triangular in outline. 
Trilete rays distinctand reach the body margin of the spore. 
The exine is levigate. The flange is plicated and extends 
about 8 microns beyond the periphery of the body. Some 
granulations are observed on it. The less conspicuous tri-
lete,and the general appearance of a smooth exine differ- 
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entiate this species from C. maculatus. 
Figured specimen: 3025 E 137- 8 
Division MONOLETES Ibrahim, 1933 
Subdivision AZONOMONOLETES Luber, 1935 
Series PSILAMONOLETI v.d. Hammen, 1955 
Genus LAEVIGATOSPORITES (Ibrahim, 1933) 
emend. Schopf, Wilson and Bentall, 1944 
Plate 8, figs. 1 to 11 
LAEVIGATOSPORITES DESMOINENSIS (Wilson and Coe, 
1940) Schopf, Wilson and Bentall, 1944 
Plate 8, figs. 1, 2 
This species ranks eleventh overall in abundance, with 
an average of 2.0 percent, and a maximum of 8.9 percent in 
sample 3, column one. 
Although in column three fewer samples contain the 
species than in column two, the overall abundance is slight-
ly higher. Column one has an average that is more than double 
that of columns two and three. Vertically, the spores are 
found in a uniform distribution, with some increase in sam-
ples 3„ 11, 16, and 28. 
Figured specimens: 3023 E 137-16 
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3023 E 122- 7 
LAEVIGATOSPORITES MEDIUS Kosanke, 1950 
Plate 8, figs. 3, 4 
Laevigatosporites medius is a minor element in the 
Kentucky No. 12 Coal. It comprises 1.3 percent of all spores, 
and is better represented in column two with a maximum of 
5.9 percent in sample 12. It has a nondescript vertical 
distribution. 
Figured specimens: 3110 I 113-14 
3108 A 119-10 
LAEVIGATOSPORITES MINIMUS (Wilson and Coe, 1940) 
Schopf, Wilson and Bentall, 1944 
Plate 8, fig. 5 
Laevigatosporites minimus is seventh in abundance 
with 3.2 percent overall. Its greatest abundance is in col-
umn two, sample 5 with 12.3 percent. It is fairly evenly 
distributed vertically. 
Figured specimen: 3207 D 129-14 
LAEVIGATOSPORITES MINUTUS (Ibrahim, 1933) 
Schopf, Wilson and Bentall, 1944 
Plate 8, figs. 6, 7 
This is the fifth most abundant spore, well repre- 
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sented in all three columns. Only four samples did not 
contain it. 	A general increase from column one to three 
was observed. The maximum of 28.2 percent was seen in 
sample 22 of column one, and six other samples of columns 
one and three exceed 15 percent. 
Figured specimens: 3102 B 110-13 
3201 A 126-12 
LAEVIGATOSPORITES OVALIS Kosanke, 1950 
Plate 8, figs. 8, 9 
With a overall average of 6.3 percent, this species 
is the fourth most abundant spore in the coal seam, and 
occurs in all samples with an average running from .8 per-
cent in sample 9, column three, to 34 percent in sample 
15, column one. 
In column one the greatest numbers occur in the lower 
third, and in the middle, but in columns two and three they 
are regularly distributed. 
Figured specimens: 3023 E 112-13 
3010 I 118-18 
LAEVIGATOSPORITES PUNCTATUS Kosanke, 1950 
Plate 8, fig. 10 
Laevigatosporites punctatus presents a rather sporadic 
distribution, with a maximum of 2.3 percent in sample 13 of 
6 8 
column two, and an average of .40 percent overall. 
Figured specimen: 3118 F 107-11 
LAEVIGATOSPORITES PYGMAEUS Imgrund, 1960 
Plate 8, fig. 11 
The smallest spore in the genus is sixth in abundance, 
with an average of 5.3 percent overall. In the middle of 
column two a maximum of 37.6 percent is reached, and the 
greatest abundance in all three columns occurs around the 
middle of the coal seam. 
Figured specimen: 3215 C 120-14 
Genus THYMOSPORA Wilson and Venkatachala, 1963 
Plate 8, figs. 12, 13 
THYMOSPORA PSEUDOTHIESSENII (Kosanke) 
Wilson and Venkatachala, 1963 
Plate 8, figs. 12, 13 
Thymospora pseudothiessenii is the third most abundant 
spore, with an average of 9.4 percent of the total assem-
blage, and a maximum of 66 percent in sample 13, column one. 
The spores are three times more abundant in column one 
than in columns two or three, increasing towards the middle 
of the coal seam, and decreasing to the top. 
Figured specimens: 3025 E 128-12 
3025 D 131-16 
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Division HILATES Dethmann, 1963 
Series EPITYGMATI 
Genus VESTISPORA (Wilson and Hoffmeister) 
Wilson and Venkatachala, 1963 
Plate 8, figs. 14, 15 
Plate 9, figs. 1, 2 
VESTISPORA FENESTRATA (Kosanke and Brokaw, 1950) 
Wilson and Venkatachala, 1963 
Plate 8, figs. 14, 15 
A minor element in the Kentucky No. 12 Coal, this 
spore reaches a maximum of 2.9 percent in sample 1, column 
one, with a total average of .6 percent. 
• It is observed in all three columns most frequently 
in the lower and upper thirds of the coal seam. 
Figured specimens: 3101 B 115- 7 
3101 D 127- 8 
VESTISPORA PROFUNDA Wilson and Hoffmeister, 1956 
• Plate 9, figs. 1, 2 
Seventeen specimens, distributed sporadically in col-
umns • one and three, are all that have been seen. 
• Figured specimens: 3018 G 129-14 
3024 E 118- 8 
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Division SACCITES Erdtman, 1947 
Subdivision MONOSACCITES (Chitaley, 1951) emend. Potonie 
and Kremp, 1954 
Series TRILETESACCITES Leschik, 1955 
Genus ENDOSPORITES Wilson and Coe, 1940 
Plate 9, figs. 3, 5 
ENDOSPORITES ANGULATUS Wilson and Coe, 1940 
Plate 9, figs. 3, 5 
Irregularly distributed, rising and ending abruptly, 
this species represents .6 percent of the total spore 
assemblage with the greatest abundance (16.9 percent) in 
sample 3, column one. 
Figured specimens: 3010 D 105-12 
3010 G 109- 8 
Genus WILSONITES (Kosanke, 1950) emend. 
Kosanke, 1959 
Plate 9, figs. 4, 6 
• WILSONITES VESICATUS (Kosanke, 1950) 
Kosanke, 1959 
Plate 9, fig. 4 
Wilsonites vesicatus constitutes .9 percent of the 
total amount of spores, reaching a maximum of 19 percent in 
sample 1 of column one. 
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It is more abundant in the lower third of the coal 
seam. No spores of this species were seen in column three. 
Figured specimen: 3010 J 105-13 
WILSONITES SP. l 
Plate 9, fig. 6 
This form occurred with a maximum of 6.8 percent in 
sample 1, column one, and was not observed in column two. 
Only two additional samples (sample 3 in both columns one 
and three) exhibit the spore. 
Diagnosis: Radial, roundly triangular in equatorial 
outline. Trilete not observed. Overall diameter 100 microns� 
Saccus reticulate. It can be distinguished from w. vesicatus 
on the basis of its larger size and coarser reticulation of 
the saccus. 
Figured specimen: 3010 G 126-15 
Series ALETESACCITI Leschik, 1955 
Genus FLORINITES Schopf, Wilson and Bentall, 1944 
Plate 10, fig. 1 
FLORINITES PELLUCIDUS (Wilson and Coe, 1940) 
Wilson, 1958 
Plate 10, fig. 1 
Florinites pellucidus reaches a .80 percent average 
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decreasing in number from columns one to three. Like Endos-
porites angulatus, and Crassispora kosankei, the abrupt 
changes in percentages of spores from one sample to the next 
is characteristic. Its maximum value is 6.6 percent in 
sample 4, column one. 
This species occurs in greatest abundance in the lower 
half of the coal seam. 
Figured specimen: 3010 G 128- 6 
Subdivision DISACCITES Cookson, 1947 
Series MONORADIATES Bharadwaj, 1955 
Genus VESICASPORA (Schemel) Wilson and 
Venkatachala, 1963 
Plate 10, figs. 2, 3 
VESICASPORA WILSONII (Schemel) Wilson and 
Venkatachala, 1963 
Plate 10, figs. 2, 3 
The species constitutes .90 percent of the total 
count of spores, with a maximum of 4.5 percent in sample .7 
column two. 
Most of the spores are distributed in the lower half 
of the coal seam. 
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Figured specimens: 3109 E 124-11 
3023 E 141- 4 
Division PLICATES (= PLICATA Naumova, 1937, 1939) 
emend. Potonie, 1960 
Subdivision PRECOLPATES Potoni6 and Kremp, 1954 
• Genus SCHOPFIPOLLENITES Potonie and Kremp, 1954 
• Plate 10, figs. 4, 
• SCHOPFIPOLLENITES SP. 1 
• Plate 10, fig. 5 
Although the species was not encountered during 
counting, two spores were observed in column two, sample 1. 
Diagnosis: Pollen bilateral, monolete, elliptical in 
shape. Exine finely punctate or finely granular. Monolete 
mark not seen. It resembles S  . ellipsoides figured by 
Ravn 1979,:with which it could be conspecific. 
•Figured specimen: 3101 I 133- 8 
SCHOPFIPOLLENITES SP. 2 
Plate 10, fig. 4 
Five specimens were counted in column one, samples 
4, 23, and 24. 
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Diagnosis: Bilateral, monolete, oval to elliptical in 
shape. Exine granulate. No figured specimen has been found 
that shows a ring-like subequatorial structure, suggesting 
that this could be a new species. 
Figured specimen: 3012 B 126-12 
SPORAE DISPERSAE INCERTAE SEDIS 
The following spores appear to be fundamentally 
•different from forms described or figured in the litera-
ture, suggesting they do not belong to described genera 
and/or species. 
Genus A sp. 1 
Plate 10, figs. 6, 7 
Only three specimens were observed in sample 5 of 
column one. 
Diagnosis: Radial, trilete, Y-shaped in outline, with 
folds extending along the arms that obscure the trilete. 
Exine levigate, thick. Its size ranges from 19 to 25 
microns. 
Figured specimens: 3015 C 122-12 
3015 D 126- 8 
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Genus B sp. 1 
Plate 10, fig. 8 
A single specimen was seen in sample 15 of column one. 
Diagnosis: Radial, trilete, triangular in outline, 
corners rounded. Laesurae straight, extending to angles, 
commissure narrow, bordered by a raised, thickened area. 
Folds are present on the distal surface transverse to the • 
laesurae midway between the pole and the angles. The size 
of the specimen is 39 microns. Exine about 1.5 microns 
thick. 
Figured specimen: 3028 B 106-11 
Genus C sp. 
Plate 10, figs. 9,10 
Four specimens were observed, one in sample 5 of 
column one, and the other three in samples 2 and 16 of 
column three. 
Diagnosis: Radial, trilete, clover-shaped. Laesurae 
straight extending about two thirds of the spore radius. 
Exine laevigate, I to 1.5 microns thick. Size ranges from 
17 to 21 microns. 
Figured specimens: 3015 H 131-15 
3015 J 114-10 
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Genus D sp. 1 
Plate 11, fig. 1 
A few spores have been observed in the two upper 
samples of column one. 
Diagnosis: Radial, trilete, roughly circular in out-
line. Trilete rays extend to the border of the body which 
appears covered with sparse granulations about I micron 
wide. Size extends from 122 to 131 microns. Exine about 
1 micron thick. 
Figured specimen: 3043 E 125-11 
Genus E sp. 1 
Plate 11, fig. 2 
This spore is present only in the upper level of 
column one. Only two spores were seen after population 
count. 
Diagnosis: Radial, trilete, circular in outline. 
Laesura extends to the border of the body that occupies 
two thirds of the spore diameter. The saccus presents 
irregular folds that extend from the body to the edge 
of the saccus. Maximum diameter 103 microns. Exine about 
1 micron thick. 
Figured specimen: 3044 E 122-14 
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Genus F sp. 1 
Plate 11, fig. 3 
A single specimen was observed from sample 5 of 
column one. 
Diagnosis: Radial, trilete, circular in outline. 
Laesura extends two thirds of the spore radius. Exine 
mostly smooth, thin, with few granulations. Size 50 x 
45 microns. 
Figured specimen: 3015 H 134-12 
Genus G sp. 1 
Plate 11, fig. 4 
Only one spore has been observed in sample 31 of 
column one. 
Diagnosis: Radial, trilete, circular in outline. 
Laesurae extend to the body border which occupies about 
two thirds of the spore. Saccus slightly punctate and 
about 2 microns thick. 
• Figured specimen: 3044 E 127- 7 
• Genus H sp. 1 
Plate 11, fig. 5 	 • 
Only one specimen was seen, in sample 5 of column one. 
Diagnosis: Radial, trilete, triangular in outline. 
Laesurae straight extending to rounded angles. Interradial 
borders concave. Exine smooth and thin. Diameter 53 
microns. 
Figured specimen: 3015 I 112-15 
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DISCUSSION 
The Partings  
While partings are not unique to the Kentucky No. 12 
Coal, the careful study by Austin (1979) has elaborated 
their nature and extent in unusual. detail. Generally the 
partings are attributed to catastrophic events. "In the 
Appalachian coal field many coals contain partings of shale 
or sandstone. They are believed to form near borders of coal 
basins and to represent sediments brought into the basin by 
stream floods, some of them more than 60 miles into the 
'basin" (Wanless et al. 1969, p. 134). Others have theorized 
that partings originated from ash of volcanoes (Ryer et al. 
1980), or dust from desert areas swept through the air to 
the swamps (Weller, 1957). Moore (1964) has even proposed 
biochemical processes for the origin of partings: kaolinite-
rich bands in a peat swamp being originated by soil-forming 
processes. 
The partings of the Kentucky No. 12 Coal have been 
considered to be of marine origin. Some of the evidences 
adduced are: a) correlation over wide areas, b) marine 
fossils where partings come out of the coal bed and enter 
the roof rocks, c) the presence of more olay near the point 
of connection with the marine roof strata (Austin, 1979). 
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One could explain this data if deposition occurred 
during a transgression of the sea which deposited the clay 
and partially or totally destroyed the swamp vegetation. 
The partings would then represent the end of a floral suc-
cession, and the beginning of a new one. Because the Ken-
tucky No. 12 Coal has as many as eight widespread partings, 
eight transgressions of the sea could be represented; eight 
times the vegetation being destroyed, and eight times swamp 
plants initiating a floral succession. 
These events should be reflected in the vertical 
miospore distribution. Some cyclic sequence of spores ini-
titated after each deposition of the partings should be 
apparent if the principle of ecological succession was 
operative. 
• A consideration of figure 8 reveals that some genera 
show two or more peaks and lows, some of which are in the 
partings, some immediately below or above or between the 
partings. No single genus illustrates a profile in which 
the peaks or lows are all in the same position relative to 
the partings. Two cases serve as illustration: 
• Only Thymospora exhibits some peaks in the same rela-
tive position, that is, under partings two and four. The 
other peaks are in samples 2 (middle of a bench), 5 (imme-
diately above a parting), and 16 (middle of a parting) The 
valleys are also distributed in all positions of the seam. 
Samples 3 and 15 are just below partings one and six, sample 
Figure • Percentage spore frequencies, by samples, of the  
seventeen most abundant genera of the Kentucky  
No. 12 Coal 
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10 is parting two, and sample 6 is the second sample above 
parting one. A plant succession would be expected to exhibit 
some consistent relationship to the partings with peaks in 
the partings, immediately above or below the partings, or at 
regular distances from the partings. 
Cappasporites has two peaks in samples 6 and 10, and 
two lows in samples 8 and 16. These values are distributed 
so that low and peak occur in a parting, and a low and a 
peak occur between the partings. This is not consistent 
with the pattern we would expect from a floral succession. 
A consideration of figure 9 reveals a similar si-
tuation for other genera. 
Floral succession  
"Biological communities are not static.... They 
... change on a time scale of years, decades, 
and centuries, in a process known as succession" 
(Ehrlich, 1977, p. 135). 
Plant succession may originate in a barren environ-
ment developing a community that is called a pioneer com-
munity which generally is ephemeral. This is followed by 
variations in species by death of some or invasion of 
others. After a period of time a community is stabilized 
constituting a climax community. 
Some factors responsible for the changes are: accu-
mulation of organic matter provenient from the same plants 
which alter the pH and the structure of the substratum, 
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variations in the salinity of water or in the water table, 
increase in soil, climate, etc. Annual plants are replaced 
by perennial ones, which are succeeded by shrubs, followed 
by a community dominated by trees (Brewer, 1979). As Turk 
et al, (1972, p. 18) dramatically express: 
"during the succession of plant species, each 
species prepares the way for the next but con-
tributes to its own extinction". 
Whittacker (1975, p. 179) has likewise stated: 
"The species diversity increases from the simple 
communities of early succession to the richer 
communities of later succession or the mature 
community". 
Although there is a great gap between Paleozoic 
plants and the present ones, paleopalynologysts, when re-
fering to plant succession in Pennsylvanian coals have• 
tended to apply the same terms and concepts expressed 
above for modern plant communities. They speak about 
pioneer, transitional, and climax stages, and mention the 
same factors as responsible for changes in plant communi-
ties (Smith 1957, Wilson 1976, Peppers 1978, Ravn 1979). 
"The palynology of coal seams (Smith 1962) indicates 
that the spores chiefly represent the flora of the 
coal-forming community, although not necessarily 
the actual 'on-the-spot' composition" (Scott 1977). 
A number of authors have utilized this concept in an 
attempt to reconstruct the history of succession within 
coal seams. Table 9 includes data from several authors on 
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Kittaning Coal; Ravn (1979) studied the CP-19-4 Coal Seam 
in the Wapello County, Iowa; Smith (1957) based his study 
on coal seams of Yorkshire (England); and Wilson (1976) 
generalized a succession from seventeen Middle Desmoinesian 
Coal seams in Oklahoma. 
In all cases, Lycospora is the main element in the 
pioneer stage, and in examples 4 and 5, throughout the en-
tire seam. Laevigatosporites is an important spore in all 
stages of examples 4 and 5, one of the main components in 
the pioneer stage in example 3, and is a transitional ele-
ment in example 1. Densosporites is the spore that domi-
nates in the climax stage in examples 1, 2, and 3, but is 
absent in example 5, and is a transitional element in exam-
ple 4. Calamospora is a transitional element in examples 
3 and 5, but a common elemnt in all stages of example 4. 
Thymospora is transitional in examples 2 and 5. Wilsonites  
is a pioneer spore in examples 4 and 5, but a dominant 
spore in example 3 at the climax stage. 
The data presented indicate that each succession is 
different. There is greater difficulty understanding the 
correct sequence of succession when Lycospora appears as 
a pioneer element in cases 1, 2, and 3, and then as an im-
portant element in all stages of examples 4 and 5; or with 
Densosporites as a climax stage in examples 1, 2, and 3, 
as a transitional spore in samples 4, and completely absent 
87 
in example 5. 
Comparing successional pattern found in the Kentucky 
No. 12 Coal with other Pennsylvanian coal seams, ignoring 
partings, little basis is found for comparison with the 
hypothetical successions described for other seams. 
Instead a general trend is observed from what some authors 
have considered "climax" at the base to what others have 
called "pioneer" at the top vegetation. 
• No significant spore succession can be observed be-
tween partings, but what •trends are observed can be seen 
to transcend the partings. It is logical to conclude that 
the supercedent bench is not a renewed ecological succes-
sion following the destruction of the flora. A new concept 
of partings is required that would also modify the general 
view of its origin. 
Depositional environment of the Kentucky No. 12 Coal  
The reconstruction of depositional environments 
requires geographical, sedimentological, lithological, 
faunistic, and florar information (Peppers 1978, Weller.  
1957). Spores and pollen have been useful for understand-
ing the ecology of ancient environments (Tschudy, 1969), 
and often been used to this end. 
A concensus about the coal seams of the Illinois 
Basin suggest that most coal originated in swamps result- 
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ing from several environmental patterns such as deposition 
along a narrow coastal strip, in unfilled channels, lagoons 
behind offshore barriers, plains exposed following abrupt 
marine regression, estuaries prior to drowning, deltas, 
etc. (Wanless et al. 1969). 
The Kentucky No. 12 Coal bears certain comparisons 
with a coastal plain swamp such as those found today in 
southern Florida (Austin 1979). Both have a substrate of 
marine limestone; both exhibit vertical changes in petro-
graphic characteristics; both are covered by fossiliferous, 
marine sediments; both occupy a similar area (1500 square 
kilometers), and both were deposited in tectonically stable 
areas by marine transgression principally. 
The data of this study indicates that the arborescent 
lycopods (Lepidophloios, Lepidodendron, and Sigillaria) 
constitute about forty percent in the lower part of the 
seam and about seventy percent toward the top 
Smith (1957) has described a pioneer vegetation domi-
nated by a Lvcospora forest which changed gradually to more 
open vegetation ending finally with few species, Denso-
sporites being the dominant one. On the basis of the 
autochthonous model he has suggested the sequence to re-
present a transition from a very humid climate to drier 
conditions. 
On the other hand, Habib (1966) considered Lycospora  
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to have been produced in freshwater backswamp areas. The 
increase of Densosporites toward the top was believed by 
him to be the result of marine transgression. 
At present it appears that any given model for coal 
deposition is adequate only to describe a unique seam, and 
a good model with widespread applicability is lacking. 
Austin (1979) using palynological data from the Kentucky 
No. 12 Coal, could not find Densosporites (one specimen), 
and attributed Lycospora to a more marine environment 
based on the increase of Lycospora toward the top of the 
coal seam which intertongues with marine rocks. 
In light of the above, it would be well to carefully 
evaluate the evidence before suggesting a model •for 
deposition of the Kentucky No. 12 Coal or for any other 
coal. 
Lycospora, Thymospora, and Cappasporites are often 
found in association. Presumably they require similar 
environment for growth, but our study reveals cases of 
drastic change in relative abundance both vertically and 
horizontally in the seam. For example: in column one, 
samples 1, 13, and 16, Lycospora represent about I per-
cent each, and in sample 5, 3 percent. Only 1076 m 
apart in column three, towards what should be a more 
marine influenced environment, the respective percent-
ages are 41.7, 46.8, 67.3, and 24.6. Furthermore, the 
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same samples in column one are followed immediately upwards 
with percentages of Lycospora of 28.5, 44.4, 53.1, and 6.5 
respectively. Where Lycospora is scarce Thymospora is a-
bundant, as seen in samples 5, 13, and 15. Cappasporites  
is abundant in sample 1. Thus, it is difficult to explain 
the changes in the percentages of Lycospora as changes in 
environmental conditions, and we should consider other 
possible causes. 
Habib (1968) considered that a decrease in calamites 
(Laevigatosporites) reflected the decrease of mineral 
matter in the profile. Using the information provided by 
Austin (1979) about the "clay" content and "others", for 
each bench in both columns one and two, I find no rela-
tionship to exist between mineral content and calamites, 
indicating that in this case the mineral matter in the 
coal seams does not influence the type of vegetation 
(Table 10). 
According to Stach (1975, p. 20), 
"In the Carboniferous swamps of the northern 
hemisphere, peat formation usually began with 
a forest swamp flora and frequently ended with 
a mud. Forest swamps of Sigillaria and of Lep-
idodendron, whose seat earths form the floors 
of almost all seams, usually yielded the peat 
for the lower most parts of the seams. Conse-
quently, bright coals (vitrains) formed that 
consist of vitrites and exinite-poor-clarites 
with Lycospora as the characteristic spore 
genus (referred to the tree forming Lycophyta, 
particularly to Lepidodendron). The forest 
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nified material was deposited and so the 
content of dull coal (durain) increases to-
wards the top of the seam with an increasing 
amount of neolithotypes, duroclarite, claro-
durite, and finally durite". 
In the upper part of the Kentucky No. 12 Coa 
vitrinite (the maceral of vitrain) is as abundant as it 
is in the lower part. For example, in columns one and 
two the vitrinite content in bench A is 81.2 percent, 
and in bench E it is 82.6 percent (Austin 1979). There 
is only a slight increase in vitrinite upwards rather 
than a decrease. Durain is extremely rare. Thus, the 
model proposed by Stach does not find support in the 
petrographic or palynologic structure of this coal. We 
are again unable to match characteristics with a widely 
accepted contemporary model. 
The mixture of miospores without any suggestion of 
spore succession after deposition of partings, can be 
readily accommodated by the floating mat hypothesis pro-
posed by Austin (1979). According to this hypothesis, the 
Kentucky No. 12 Coal originated under floating mats of 
vegetation as plant debris accumulated beneath the mat. 
The general observation of a lack of roots in the sub-
strate would support this opinion. The existence of part-
ings may be explained by periodical action of density-
currents produced by turbulent water in marine areas 
marginal to the mat. If the mat were a biological entity 
93 
then the observed spore distribution, which transcends 
the partings, is perhaps a reflection of the general 
ecological succession which gave rise to the mat. 
The tidal wave hypothesis of Horbiger (Francis 1961) 
postulates an approach of the moon to the earth resulting 
in a giant equatorial wave sweeping around the earth, 
"Great collections of flora and fauna from all 
parts of the earth could be moved by ocean cur-
rents and deposited in favourable localities.... 
Pteridosperms, with their fern-like leaves and 
branches, would keep floating longer than the 
small-leaved stems of the lycopods, whilst the 
hollow stems of calamites would float best of 
all. This differential sedimentation is ob-
served in many seams and in coal-bearing strata, 
for the leaves, small twigs, spores and sporo-
phylls are often found, with finely comminuted 
inorganic and organic matter.... ...where dif-
ferential sedimentation exists, there can be 
no doubt •that the deposits are allochthonous 
in character" (Francis 1961, p. 26-29). 
The general succession observed in the Kentucky No. 
12 Coal could be explained by this or a similar event. 
A study of differential sedimentation of spores could 
add support to this hypothesis. 
Alternatevely we may consider that our concept of 
ecological succession is not applicable to processes 
operative in the past. Such a model is, however, dif-
ficult to treat experimentally. 
SUMMARY 	AND 	CONCLUSIONS 
• The palynological assemblage data of the Kentucky No. 
12 Coal indicates that: 
1. There was present in the flora a diverse assemblage 
of plants representing 33 genera and 76 species. These in-
clude in decreasing order of abundance the following groups: 
arborescent lycopods, tree ferns, calamites, small ferns, 
gymnospermous trees, seed ferns, and herbaceous lycopods, 
all of them typically Pennsylvanian. 
2. The spore distribution does not coincide with litho-
type distribution, so that, spores cannot be used to predict 
the existence of determined lithotypes. 
• 3. The partings of the Kentucky No. 12 Coal do not 
represent zones of significant termination, renewal, or 
changes in vegetation. 
4. As expected, columns that are closer together 
correlate more closely than those farther apart. 
5. The decreasing number of genera and species in 
columns two and three, supposedly nearer to a more marine 
environment would agree with the theory that the Kentucky 
No. 12 Coal was originated in a swamp, in which the salin-
ity and the depth of the water acted as a barrier for the 
developing of more species. 
6. Conversely, the lack of floral succession, the 
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irrelevance of the partings in spore distribution, the mix-
ture of the miospores, the increase of Lycospora upwards in 
the coal seam without a corresponding increase in vitrinite, 
and the absence of relationship between spores and mineral 
matter in the coal throw doubt on the interpretation that 
•this coal developed in situ, began as a forest swamp flora, 
and varied in plant composition due to changes in mineral 
matter. Rather they support the hypothesis of coal seams 
originating from mats of vegetation floating in water, or 
from vegetation transported by tidal waves. 
7. This study substantiates the need to restudy all 
the concepts and interpretations of the origin of the 
Pennsylvanian coal seams, and is another evidence of the 
great variety of coal deposition for which "no single model 
serve to explain all or even most of the paleoecological 
succession" (Ravn 1979). 
BIBLIOGRAPHY 
I. Austin, S. 1979. Depositional environment of the Ken-
tucky No. 12 Coal bed (Middle Pennsylvanian) of 
Western Kentucky, with special reference to the 
origin of coal lithotypes: Unpublished Ph. D. 
Dissertation. The Pennsylvania State University, 
390 p. 
2. Bharadwaj, D. C. 1955. The spore genera from the Upper 
Carboniferous coals of the Saar and their value 
in stratigraphic studies. Paleobotanist, 4:119-
149. 
3. Brewer, R. 1979. Principles of Ecology. W. B. Saunders 
Company, Philadelphia. 299 p. 
4. Chadwick, A. V. 1980. An efficient device for heavy-
liquid separation. Oklahoma Geol. Notes, 40(2): 
64,65. 
5. Ehrlich, P. R., A. H. Ehrlich, and J. P. Holdren 1977. 
Eoscience: Population, Resources, Environment. 
W. H. Freeman and Company, San Francisco. 1051 p. 
6. Francis, W. 1961. Coal, its formation and composition. 
Edward Arnold (Publishers) Ltd. London. 806 p. 
7. Habib, D. 1966. Distribution of spore and pollen assem-
blages in the Lower Kittaning Coal of Western 
Pennsylvania. Paleontology, 9:629-666. 
1968. Spore and pollen paleoecology of the Red-
stone Seam (Upper Pennsylvanian) of West Vir-
ginia. Micropaleontology, 14(32):199-220. 
9. Kosanke, R. M. 1950. Pennsylvanian spores of Illinois 
and their use in correlation. Illinois Geol. 
Surv. Bull., v. 74, 128 p. 
10. Moore, L. R. 1964. The microbiology, mineralogy and 
genesis of a tonstein. Proc. Yorkshire Geol. 
Soc. 34:235-292. 
11. Peppers, R. A. 1970. Correlation and palynology of 
coals in the Carbondale and Spoon Formations 




the Illinois Basin. Illinois State Geol. Surv. 
Bull., v. 93, 173 p. 
12. 1978. Development of coal-forming floras dur-
ing the early part of the Pennsylvanian in the 
Illinois Basin. Paleogeography, Paleoclimatol-
ogy, Paleontology, 9:8-14. 
13. Phillips, T. L. 1979. Paleobotanical studies of the 
Pennsylvanian System of the Illinois Basin. 
In Palmer, J. R., and R. R. Dutcher eds., System 
of the Illinois Basin, Invited Papers. Illinois 
Geol. Surv., 158 p. 
14. Potonie, R. 1955. Die Sporae dispersae des Ruhrkarbons, 
ihre Morphographie und Stratigraphie mit Aus-
blicken auf Arten anderer Gebiete und 
Zeitabschnitte, Teil I. Palaeontographica B, 
Bd. 98, 136 p. 
15. 	1956. Die Sporae dispersae des Ruhrkarbons, 
ihre Morphographie und Stratigraphie mit 
Ausblicken auf Arten anderer Gebiete und 
Zeitabschnitte, Teil II. Palaeontographica 
Bd. 98, 136 p. 
	1958. Synopsis der Gattungen der Sporae dis- 
persae, Teil II. Beih. Geol. Jahrb., Bd. 31, 
114 p. 
	1960. Synopsis der Gattungen der Sporae dis- 
persae, Teil III. Beih. Geol. Jahrb., Bd. 
39, 189 p. 
18. Potonie, R., and G. O. W. Kremp 1954. Die Gattungen 
der palaeozoischen Sporae dispersae und ihre 
Stratigraphie. Beih. Geol. Jahrb., Bd. 69, p. 
111-194. 
19. Ravn, R. L. 1979. An introduction to the stratigraphic 
palynology of the Cherokee Group (Pennsylvanian) 
Coals of Iowa. Iowa Geol. Surv., Iowa City, Iowa. 
117 p., 22 pls. 
20. Ryer, T. A., R. E. Phillips, B. F. Bohor, R. M. Pollas-
tro 1980. Use of altered volcanic ash falls in 
stratigraphic studies of coal-bearing sequences: 
• an example from the Upper Cretaceous Ferron 
Sandstone Member of the Mancos Shale in Central 





21. Schopf, J. M., L. R. Wilson, and R. Bentall 1944. 
An annotated synopsis of Paleozoic fossil 
spores and the. definition of generic groups. 
Illinois State Geol. Surv. Rept. Invest., 
91, 73 p. 
22. Scott, A. C. 1977. A review of the ecology of Upper 
Carboniferous plant assemblages with new data 
from Strathclyde. Palaeontology, 20:447-473. 
23. Smith, A. H. V. 1957. The sequence of microspore 
assemblages associated with the occurrence 
of crassidurite in coal seams of Yorkshire. 
Geol. Magazine, 94:345-363. 
24. Stach, E. 1975. Stach's Textbook of Coal Petrology. 
Gebruder Borntraeger, Berlin Stuttgart. 428 p. 
25. Tschudy, R. H. 1969. Applied Palynology. In Aspects 
of Palynology.• R. H. Tschudy, and R. A. Scott, 
eds. Wiley and Sons, New York. p. 103-126. 
26. Turk, A., J. Turk, and J. T. Wittes 1972. Ecology, 
• 
 
pollution, • environment. W. B. Saunders Company, 
Philadelphia. 217 1: 
27. Urban, L. L. 1966. Cappasporitps a new Pennsylvanian 
spore genus from the Desmoines Series of 
- Oklahoma. Oklahoma Geol. Notes, 26(4):111-114. 
28. Wanless, H. R., J. R. Baroffio, and P. C. Trescott 1969. 
Conditions of deposition of Pennsylvanian Coal 
Beds. Geol. Soc. America, Spec. Paper, 114:105-
142. 
29. Weller, J. M. 1957. Paleoecology of the Pennsylvanian 
Period in Illinois and adjacent States. Geol. 
Soc. America, Memoir 67:325-364. 
30. Whittaker, R. H. 1975. Communities and Ecosystems. 
MacMillan Publishing Co., Inc. New York. 387 p. 
31. Wilson, L. R. 1976. Desmoinesian coal seams of North-
eastern Oklahoma and their palynological content. 
Coal and oil potential of the Tri-State Area. 
Guidebook for Tulsa Geol. Soc. Field Trip Ap-
May 1, 1976. 
99 
32. Wilson, L. R., and E. A. Coe 1940. Descriptions of 
some unassigned plant microfossils from the 
Desmoines Series of Iowa. The American Mid-
land •Naturalist, 23(1):182-186. 
33. Wilson, L. R., and W. S. Hoffmeister 1956. Plant 
microfossils of the Craweburg Coal. Oklahoma 
Geol. Surv. Circ. 32, 57 p. 
34. Wilson, L. R., and R. M. Kosanke 1944. Seven new 
species of unassigned plant microfossils 
from the Desmoines Series of Iowa. Iowa 
Acad. Sci. Proc. 51:329-333. 
35. Wilson, L. R., and B. S. Venkatachala 1963. 
Thymospora a new name for Verrucososporites. 




Botanical affinities of the miospores of the Kentucky No. 2 Coal 
           
Plant group 	 Order 	 Family 	 Genus 	Nbgafossil affinities 
Arborescent lycopods Lepidodendraies Lepidodendraceae 
 
Lycospora  













Herbaceous lycopods 	Selaginellales Cirratriradites  Selaginellites 
























      
Appendix 1 (Cont.) 
Plant group 	Order 	Family 	Genus 	 Megafossil affinities 
Coenopteridales 	 Verrucosisjoorites Biscalitheca 
Etapteris 

















Seed ferns Pteridospermales Vesicaspora  
Schopfipollenites M6clullosa 
















































21 	54 	 21 	67 
20 33 20 12 
19 	86 	 18+19 	49+62 
18 35 17 	23 
17 	28 	 16 63 
15+16 30+38 15 29 
13+14 31+50 	13+14 30+35 
12 	8 12 	17 
11 28 	 11 38 
10 	49 10 	57 
9 - 86 	 9 53 
7+8 	11+16 7+8 	11+9 
5+6 	26+31 	6 60 
4 7 5 	9 
3 	36 	 4 60 
2 79 3 	48 























Thickness of samples in the three columns  
(In millimeters) 
One 	 Two 	 Three 
Total 	1699 urn 	 787 mm 	 877 mm 
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APPENDIX 	3 
Spore species distribution in the three columns  
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C 0 1 
1 2 3 1 2 3 
	
2 3 1 2 3 1 2 3 
a 	
3 70 .4 19 136 2 
18 75 55 
8 73 88 
6 60 160 
4 11 133 
1 16 
1 4 42 
87 
49 
1 3 139  
1 100 
3 3 2 19 , 188 164 
2 4 6 25 145 215 
24 13 2 17 30 14 136 210 298 
3 1 , 6 20 10 4 188 140 1 . 
9 3 3 41 32 48 378 134 9 
39 3 19 28 42 78 135 98 346 1 
3 37 36 2 142 162 
, 4 1 24 55 34 62 123 29 1 
X 6 106 37 38 74 135 98 2 4 
20 1 6 ' 45 66 117 64 22 29 6 1: 
7 8 50 45 82 58 
1 . 	9 13 16 106 168 59 1 
9 4 15 26 11 29 98 37 
50 24 126 135 26 29 176 82 1 
23 3 ' 12 47 ' 64 16 118 62 1 
7 3 53 6 9 43 108 63 
2 38 16 5 23 145 34 
8 1 56 11 28 86 149 235 
2 50 48 32 3 119 214 
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1 5 2 	2 2 3 	2 917 	6 12 25 
22 9.5 1 3 	3 7 632 
13 616 7 2135 7 	5 5 12 39 
2 x 8 16 12 6 16 	1830 29'O 56 64 
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69 , 156 
 
46 ' 20 1 
30 36 1 . 
32 1 3 39 
14 3 5 
, 13 41 1 
27 9 34 
39 33 2 4 
24 6 9 1 
32 9 58 1 
36 8 1 * 2 
16 7 , 19 
15 4 3 2 7 5 2 1 
23 11 8 2 20 3 1 
24 17 13 2 24 39 2 1 1 2 3 3 
68 18 8 11 20 54 1 3 1 
112 31 25 ' 9 - 4 34 3 2 4 1 3 
25 6 31 1 3 3 31 12 2 16 8 1 3 
23 16 11 1 6 9 49 175 112 2 1 1 
27 28 14 4 24 7 301 57 17 1 
, 28 22 11 2 18 83 28 143 53 9 
3 4 3H 31 91 34 	!, 2 1 5 1 
4 12 3 1 627 7 107 23 114 
7 19 8 3 2 	' 5 5 20 75 57 54 1 1 
11 8 28 2 10 5 2 129 19 372 1 
23 5 6 14 22 17 18 7 5 8 5 
1 11 21 1 121 2 13 1 1 1. 
18 17 6 1 75 10 10 3 3 2 1 
62 10 14 9 5 2 4 5 2 3 1 1 
33 10 17 3 5 2 	12 2 19 36 4 6 3 2 3 
21 90 21 	I ,  4 1 2 	I 7 54 4 5 41 9 12 4 
Appendix 3 (Cont.) 
H m 	
U) 
o -H 	.r) 9 *.0 
.c) 	,u4: 	.. ''')0  ....,
g 	. 
,_, „) .,, w 
C 	o 	1 	u 	in 





























































18 	 3 2 1 
20 1 15 1 
7 1 1 	2 
10 	1 1 5 3 
59 17 21 	i41210 





































Appendix 3 Cont.) 





C o 1 
 
   
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
114 































   
  
   
     
     
APPENDIX 
Percentage spore frequencies, by samples, of the fifteen most 
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APPENDIX 	4b 
Percentage spore frequencies, by benches and partings, of the  
fifteen most abundant species in the three columns of the  
Kentucky No. 12 Coal  
oval's 
OF UNIT AS GIVEN SPECIES 
Loevigatosporites 	L. 
minutus 
COMPARISON OF THREE COLUMNS OF KENTUCKY No 12 COAL 
Lycospora 
granulata 
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Correlation coefficients, times 100, between samples of column one 
and samples of column two. Correlation of the corresponding samples 
appear on the diagonal (observed correlation). 
COLUMN TWO 
Sample number 	1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17  
	
1 	33 -3 -3-11 10 25 4 -6 -5 22 2 15 7 11 1 -1 0 
2 	78 73 79 58 83 88 88 83 67 33 73 93 86 87 79 80 81 
3 58 20 32 17 28 36 27 22 13 15 18 36 33 29 24 27 26 
4 	68 55 594073 86 69 57 42 40 52 72 70 73 59 61 62 
5 	19 7 5 1 8,  6 20 34 27 -5 30 37 4 12 2 3 3 
6 	38 19 21 15 43 6635 19 16 54 29 43 33 45 22 21 25 
7 	9 12 13 4 11 14 28 41 28 -3 35 44 9 22 9 10 9 
0 	8 	54 76 76 57 71 61 82 90 79 6 72 83 72 73 75 75 74 
9 	20 30 32 21 27 26 46 5e47...,  Q 48 59 28 38 30 30 29 
10 	57 66 72 72 86 89 79 66 68 63.76 74 79 84 75 74 77 
11 39 32 37 24 46 57 55 55 45 3356 73 43 56 36 36 37 c) 
c) 	12 	13 15 17 7 12 15 32 45 32 -1 38 51 15 26 14 15 15 
13 	-3 -7 -6-11-11 -7 8 24 10-13 20 3e-8.  4 -8 -8 -9 
14 	76 88 92 73 88 84 91 87 77 21 69 82 94'86,94 95 95 
15 	75 32 33 30 •25 18 30 33 36 -1 29 38 36 2439 38 35 
16 	33 -3 -3 -6 -9 -6 5 16 4-14 9 24 -1 0 	-5 
17 	76 92 96 76 89 82 93 90 77 16 71 83 96 87 96 9f97 
A* = Expected correlation 



















t = 1.96 
P(t) = ..03 
APPENDIX 	5 b 
Correlation coefficients, times 100, between samples of column one 
and samples of column three. Correlation of the correspondinv sam-
ples appear on the diagonal observed correlation). 
COLUMN THREE 














1 	2,0 4 -3 32 10 11 4 9 47 14 40 2 7 8 -4 -4 
2 	75 79,55 56 85 84 75 71 64 58 86 83 80 84 86 77 76 
3 	22 27 21,13 38 27 39 13 9 38 32 45 23 31 35 22 24 
4 	56 59 32 38,82 67 46 44 44 75 71 75 63 68 70 57 56 
5 4 8 25 19 18, 6 67 54 69 -1 10 32 8 5 9 3 4 
6 	24 26 24 18 72 38,31 27 37 86 43 65 29 32 31 18 17 
7 	10 17 17 9 22 14 64,65 83 2 18 34 15 13 11 10 10 
8 	73 78 60 61 59 74 79 87,25 12 73,58 72 73 73 74 74 
9 	29 34 25 21 32 32 71 77 88„ 0 34 42 32 30 29 30 30 
10 	75 71 40 55 82 80 33 53 38 67,85 63 83 78 76 75 72 
11 	37 39 30 26 66 48 69 73 88 53 53,74 44 42 43 34 33 
12 	14 18 18 11 24 19 69 69 86 3 21 40 18 16 17 15 14 
13 	-10 -5 -3 -9 1 -7 55 53 74-12 -3 19 -4 -6 -6 -7 -6 
14 	89 91 59 69 70 90 56 61 33 32 89 61 8895.,,94 92 92 
15 	39 39 53 29 25 34 58 31 3 -1 35 42 29 36 42,.32 38 
16 	-5 -1 7-10 1 -5 55 27 37-11 -1 22 -5 -1 4 -5-2 



















• t = 1.58 
P (t) = .06 
NJ 
= Expected correlation 
D* = Difference between obserwd and expected correlatioft 
Ni 
APPENDIX 	5c 
Correlation coefficients, times 100, between samples of column two 
and samples of column three. Correlation of the corresponding sam-
ples appear on the diagonal (observed correlation).  
COLUMN THREE 
	
Sample number 	1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 	 D* 
1 	78,75 70 58 69 78 72 57 28 35 77 75 72 77 81 72 74 	67 	11 
2 	90 95 65 73 65 88 55 61 31 20 86 49 88 93 91 94 95 71 	.24 
3 	92 97 60- 73 68 93 55 64 34 24 91 55 93 97 95 97 97 	77 	-17 , 
• 4 	89 81 5768 : 63, 82 43 61 22 28 85 46 90 79 77 87 86 67 1 
5 	90 91 59 70 83 92 50 61 36 49 94 65 93 94 94 92 91 	76 	7 
6 	79 81 45 59 92 87,,46 57 44 73 91 76 86 88 87 81 79 73 	14 
c) 7 	92 94 62 74 78 94 63,73 50 36 94 66 94 96 96 95 94 	81 	-18 
E-1 	8 	87 92 61 74 65 87 71 79 57 16 87 58 90 92 91 93 92 76 3 
9 	89 84 70 88 66 84 63 8353„17 85 59 86 80 79 84 83 	75 	-22 
5,1 	10 	37 22 11 17 62 37 2 30 13 74 48 47 44 24 21 24 23 29 	45 ..) 
1-4 	11 	86 78 58 64 74 83 61 80 52 3e88 65 90 77 77 82 80 	72 	16 c) 
c) 	12 	84 84 57 64 83 88 77 85 66 46 91 81 88 87 88 84 83 78 3 
13 	93 95 59 72 78 95 56 63 36 39 95 6e95. 99 99 97 97 	77 	18 
14 	91 90 54 68 87 95 57 72 48 55 97 72 9693 91 92 90 78 	15 
15 	97 97 67 76 72 96 57 68 34 27 94 61 96 98 97 98 98 	77 	20 
16 	95 98 64 76 70 95 57 65 33 24 93 57 95 99 989999 76 	23 
17 	96 97 61 75 73 96 55 65 31 28 95 57 96 99 97 99 98 	76 	22 
.7),* = Expected correlation 	 R . 9.65 
D* = Difference between observed and expected correlation 	 t = 2.34 
P(t) = .01 
PLATES 
All spores have been magnified 700x 
except pl. 10 fig. 4 = 110x, and pl. 





1,2 Leiotriletes convexus  
55 x 50 microns 	3015 F 
	
137-15 
47 x 44 microns 	3010 I 
	
137- 9 
Leiotriletes levis  




4 	Leiotriletes sp.  
72 x 69 microns 	3044 E 	121-12 
5 	Punctatisporites latigranifer  
69 x 65 microns 	3010 D 	123-16 
Punctatisporites obliquus  
46 x 46 microns 	3028 D 	99-14 
7,8 Punctatisporites planus  
75 x 64.5 microns 3010 D 	127-16 
76.5 x 69 microns 3010 K 	108-15 
Punctatisporites provectus 3101 G 
57 x 52.5 microns 3101 G 	121-10 
10 	Punctatisporites setulosus  
68 x 53 microns 	3101 D 	138-10 
11 	Punctatisporites sp. 1  














Figure 	 Page 
1,2,3 Calamospora breviradiata 
	
49 
50 x 42 microns 3111 B 110-16 
65 x 37 microns 3108 B 105- 5 
55 x 51 microns 3109 E 123-18 
4,5 	Calamospora hartungiana 
	
49 
91 x 59 microns 3111 E 117-15 
95 x 78 microns 3111 B 122-17 
Calamospora mutabilis 50 
160 x 117 microns 3010 I 110-12 
7 	Calamospora straminea 
	 50 





• 1,2 Calamospora sp. 1  
64 x 57 microns 3037 B 140- 9 
72 x 61 microns 3025 E 117- 7 
3 	Calamospora sp. 2  
55 x 46 microns 3010 E 112-10 
4,5 	Leschikisporis obliquus  
43 x 42.5 microns 3024 E 114-16 
36 x 31.5 microns 3023 E 138- 5 
6,7 	Verrucosisporites papulosus  
98 x 70 microns 3101 C 127- 8 
89 x 81 microns 3010 D 130- 8 
Verrucosisporites sp. 1  
47 x 44 microns 3010 •J 125-12 
Verrucosisporites sp. 2  
55.5 x 52 microns 3023 E 118- 5 
10 	Cyclogranisporites parvus  




























2,4 Granulatisporites deltiformis  
22 x 16 microns 3010 I 108- 8 
19 x 13 microns 3010 1 108- 8 
Granulatisporites granularis  
28 x 23 microns 3116 H 115-14 
3 	Granulatisporites parvus  
48 x 42 microns 3116 H 138-17 
Granulatisporites spinosus  
31 x 29 microns 3011 G 104- 8 
6 	Granulatisporites verrucosus  
19 x 19 microns 3016 G 103- 9 
Lophotriletes commisuralis  
21 x 20 microns 3016 D 138- 8 
8 	Lophotriletes copiosus  
35 x 28 microns 3021 E 118-14 
• 
9,10 Lophotriletes 	gibossus  
30 x 29 microns 3015 G 120- 9 
34 x 29 microns 3016 G 111-10 
11 	Lophotriletes granoornatus  
30 x 29 microns 3010 K 118-12 
12 Apiculatisporislappites  
17 x 12 microns 3211 A 114-10 
18 x 15 microns 3211 A 114-10 
17 x 15.5 microns 3211 A 114-10 
13 	Acanthotriletes cf. echinatbides  
34 x 31 microns 3103 A 	99-12 
15,16 Raistrickia crinita  
70 x 64 microns 3110 E 104-14 
73 x 59.5 microns 3023 E 127- 5 
14 	Raistrickia crocea  
69 x 43 microns 3010 I 101- 9 
17 	Raistrickia grovensis  




Figure 	 Page 
1 	Raistrickia grovensis 	 59 
83 x 76 microns 3015 I 	98- 5 
2 	Raistrickia sp. 1 	 59 
95.x 73 microns 3201 C 111-14 
3 	Microreticulatisporites sulcatus 	 60 
45 x 43 microns 3036 C 116-18 
4,5 Triquitrites additus 	 61 
36 x 35 microns 3025 E 132-19 
39 x 39 microns 3109 C 123-16 
6,7 	Triquitrites bransonii 61 
38 x 31 microns 3109 A 117- 6. 
40 x 36 microns 3015 H 107-13 
• 8,9 Triquitrites crassus 
	
62 
10 	65 x 62 microns 3043 E 137-12 
62 x 62 microns 3015 H 132- 8 
57 x 55 microns 3023 E 131- 5 
11 	Triquitrites dividuus 	 62 




Figure 	 Page 
1 	Triquitrites exiguus 	 62 
23 x 23 microns 3014 G 122-12 
2 	Triquitrites inusitatus 63 
60 x 59 microns 3010 K 104- 7 
3 	Triquitrites protensus 	 63 
32 x 30 microns 3023 E 110-10 
4,5 	Crassispora kosankei 64 
56 x . 54 microns 3024 E 126- 9 
71 x 42 microns 3121 B 128-12 
6,7 Cappasporites distortus 
	
64 
8,9 	58 x 45 microns 3023 E 128- 4 
50 x 47 microns 3010 K 108- 9 
57 x 50 microns 3023 E 116- 8 
69 x 55 microns 3023 E 120- 5 
10,11 Lycospora granulata 
	
65 
12 	28 x 27 microns 3102 E 120-17 
36 x 34 microns 3025 E 	96- 7 
32 x 25 microns 3043A 120-13 
13 	Lycospora sp. 1 	 65 





1 	Cirratriradites annulatus  
117 x 107 microns 3015 G 117-18 
2,3, Cirratriradites macuIatus  
80 x 70 microns 3109 E 125- 7 
67 x 62 microns 3010 E 101-13 
92 x.70 microns 3023 E 131-11 
5 	Cirratriradites saturni  
71 x 69 microns 3018 E 108-16 
Cirratriradites sp. 1  
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1,2 Laevigatosporites desmoinensis 
	68 
89 x 49 microns 3023 E 137-16 
71 x 44 microns 3023 E 122- 7 
3,4 	Laevigatosporites medius 
	 69 
39 x 21.5 microns 3110 I 113-14 
36 x 27.5 microns 3108 A 119-10 
Laevigatosporites minimus 
	 69 
22 x 15 microns 3207 D 129-14 
6,7 	Laevigatosporites minutus 
	 69 
29 x 22 microns 3102 B 110-13 
24 x 19.5 microns 3201A 126-12 
8,9 	Laevigatosporites ovalis 
	 7 
63 x 40 microns 3023E 112-13 
51 x 35 microns 3010 I 118-18 
10 	Laevigatosporites punctatus 	 70 
43 x 33 microns 3118 F 107-11 
11 	Laevigatosporites pygmaeus ,71 
15 x 8 microns 3215 C 120-14 
12,13 Thymospora pseudothiessenii 
	71 
31 x 23 microns 3025 E 128-12 
29 x 23 microns 3025 D 131-16 
14,15 Vestispora fenestrata 
	 72 
81 x 81 microns 3101 B 115- 7 
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1,2 	Vestispora profunda 
	
72 
81 x 80 microns 3018 G 129-14 
87 x 81 microns 3024 E 118- 8 
3,5 	Endosporites angulatus 73 
120 x 93 microns 3010 D 105-12 
102 x 83 microns 3010 G 109- 8 
Wilsonites vesicatus 	 73 
80 x 71 microns 3010 J 105-13 
6 	Wilsonites sp. 1 74 





1 	Florinites pellucidus  
77 x 52 microns 3010 G 128- 6 
2,3 	Vesicaspora wilsonii  
42.5 x 34 microns 3109 E 124-11 
41 x 33 microns 3023 E 141- 4 
Schopfipollenites sp. 1  
352 x 265 microns 3101 1 133- 8 
Schopfipollenites sp. 2  
170 x 95 microns 3012 B 126-12 
6,7 	Genus A sp. 1 
25 x 25 microns 3015 C 122-12 
19 x 18 microns 3015 D 126- 8 
8 	Genus B sp. I 
39 x 39 microns 3028 B 106-11 
9,10 Genus C sp. 1 
18 x 17 microns 3015 H 131-15 













1 	Genus D sp. 1 
131 x 118 microns 3043 E 125-11 
Genus E sp. 1 
103 x 98 microns 3044 E 122-14 
3 	Genus F sp. 1 
50 x 45 microns 3015 H 134-12 
4 	Genus G sp. 1 
90 x 82 microns 3044 E 127- 7 
Genus H sp. a. 










Spore number  Genera 	 Magnification  
 
   
	
1 	 Leiotriletes 	 700x 
2 Punctatisporites 	 700x 
3 	 Calamospora 	 700x 
4 Leschikisporis 700x 
5 	 Verrucosisporites 	350x 
6 Cyclogranisporites 700x 
7 	 Granulatisporites 	700x 
8 Granulatisporites 700x 
9 	 Lophotriletes 	 700x 
10 Apiculatisporis 580x 
11 	 Acanthotriletes 	 700x 
12 Raistrickia 	 290x 
13 	 Microreticulatisporites 	740x 
14 Triquitrites 	 700x 
15 	 Crassispora 290x 
16 Cappasporites 	 290x 
17 	 Lycospora 	 700x 
18 Cirratriradites 	 460x 
19 	 Laevigatosporites 290x 
20 Laevigatosporites 	700x 
21 	 Thymospora 	 700x 
22 Vestispora 290x 
23 	 Endosporites 	 290x 
24 Wilsonites 290x 
25 	 Florinites 	 290x 
26 Vesicaspora 700x 
27 	 Genus A 	 700x 
28 Genus B 700x 
29 	 Genus C 	 700x 
30 Genus D 290x 
31 	 Genus E 	 290x 
32 Genus F 290x 
33 	 Genus G 	 350x 
34 Genus H 290x 


